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INTRODUCTION .
[
ol
OO
b T
The Office of Naval Research supports a broadly based oceanography ﬁqﬁ;
effort. This volume documents the physical oceanographic aspects, which o
' are presented as abstracts submitted by the principal investigators. The 300
purpose of this introduction is to provide a brief program overview, and Moo
to relate a few major components to one another. BABARA

The physical oceanography program addresses ocean phenomena on i
scales from ocean basins to turbulence. A division into four general Rt
areas is made to distinguish the principal efforts: General Circulation, DL
Mesoscale Variability, Small Scale Variability and Air-Sea Interaction.
We emphasize that this separation, while acknowledged by most
oceanographers, has no rigid boundaries. In fact, much of the recent
excitement comes from the fascinating and complex range of scale
interactions present in the ocean.

General circulation or large scale elements in the program focus on
the nearly steady state (time scales of years) and large dimensions
(greater than a few hundred km.). Topics of interest include the major
gyres, recirculation, western and eastern boundary currents, water
masses, and recently, thermocline and ventilation processes. Work is
largely observational, but components in modeling and theory are well
integrated. On the locator map (p. 132) numbers refer to field efforts
according to the key, (p. 131). The index on page v lists
alphabetically the components of the large scale effort. As a "quick
reference" aide, we have included a few key words to characterize the
efforts discussed in the abstracts. In parentheses, we show the general
scientific topic(s), the technique(s), and, if appropriate the
experiment(s) or geographical site(s).

Mesoscale variability addresses oceanic phenomena of time scales of
order of weeks to months, and space scales from tens to a few hundred km. s
These phenomena include eddies and fronts, and Rossby waves. Program .
emphasis is on the understanding of the causes of the phenomena, their ) v
effect on both larger and smaller scales, and their evolution in space
and time. Modeling and theoretical efforts here are quite diverse, '??fﬁ
since the features involve subtle dynamical balances. Observational RO
programs are underway and are planned for the future in the newly funded OO
Accelerated Research Initiative (ARI) Synoptic Ocean Predication. This e
ARI seeks to obtain real time data for nowcasts and forecasts of the
mesoscale eddy fields, particularly in the Gulf Stream region.

------
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The small scale program embraces those phenomena at time scales
typically less than 1 day and of limited spatial extent in the
horizontal and vertical although perhaps ubiquitous in their distribution
(eg. internal waves). In the program, a series of focused at sea
experiments have been mounted recently, since observational limitations
at these scales are severe. The small scale program is funded by an
ARI in Finescale Variability. The recent experiments include a long
term upper ocean study (LOTUS) in the western Atlantic, MILDEX, a mixed
layer dynamics experiment off California, and AIWEX, an arctic internal
wave experiment in the Beaufort Sea. A future experiment, PATCHEX, will
examine turbulent processes off California.

Air-Sea Interaction projects focus on the marine planetary boundary
layer (MPBL) and the oceanic boundary layer (0BL). Understanding the
various physical processes is the central thrust of the program. An
Air-Sea Interaction ARI has supported FASINEX, an experiment to determine
oceanic frontal effects on air-sea fluxes and other processes. The
experiment will end in FY86. A future experiment, OCEAN STORMS, will
investigate strong air-sea coupling off the west coast in FY87-88.

Wave physics efforts are increasing, as well.

This introduction highlights but a few of the many exciting
research topics in the program. The abstracts that follow provide a more
balanced view, but as abstracts, merely whet the appetite. We hope this
compilation will encourage a closer rapport among the scientists
rep¥esented here, and in addition, among the members of the community
at large.
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N
‘ HYDRODYNAMICS OF STRATIFIED FLUID AND INTERNAL WAVE INTERACTION
e
e The interaction of mesoscale oceanic flows with the ocean’s
oo internal wave field 1is studied here with the goal of
::. i understanding the transfer of energy from the mesoscale to
o, internal waves and the observed spectrum of the internal waves.
< The mesoscale flow is formulated using Lagrangian fluid
) mechanics to allow the full dynamical structure of the flow to
be retained in the quasi-geostrophic approximation appropriate
for small Rossby number.
The present work follows on the formulation of the shallow water
: equations in Lagrangian form and consists of two main thrusts:
iy (1) the numerical solution of the single homogeneous layer or
’. few layer shallow water equations and their Lagrangian quasi- RO
g . v,
¥ geostrophic approximation for understanding both the mesoscale e
o dynamics itself and the relation between the exact and R
- approximated form of the nonlinear equations. We are e
- investigating the solutions to the equations in one and two J:':
~ dimensions and in Eulerian and Lagrangian form and in exact and R
- quasi-geostrophic form. This is to give us a clear indication
. of the limitations and virtues of each formal statement of the
T mesoscale modes. (2) The formulation of the shallow water
o equations in the presence of continuous stratification to allow
2 the internal wave degrees of freedom to be included in the
; problem. The numerical and analytic investigation of the
coupled mesoscale and internal wave dynamics will then follow.
- In this part we will also be considering the solution to the
. mesoscale-internal wave interaction question in 1its wvarious
.- formal [Eulerian, Lagrangian, exact shallow water, and quasi-
Y geostrophic] statements.
2
’.Q
R' Marine Physical Laboratory of the
- Scripps Institutioh of Oceanography
% University of California, San Diego
Mail Code A-013
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e A Dissipation Laser Doppler Velocimeter for Surface ) NN
Layer Observations under Waves v

N

)] A
v, RN
< This ongoing work seeks to eventually make observations RS
- of the near surface turbulent kinetic energy dissipation NN
¥ under a range of forcing conditioms. Specifically, our goals RS
are twvofold: first to establish the mean vertical profile of —

“ the dissipation and second, to investigate its variability at ey
N time scales of order the wave and wave-group periods. Towards
o this end, a special version of the laser Doppler velocimeter NRGIK
v is being developed and tested in this first phase of the T
. project, SN
P

3 The instrument being developed and tested is a e e
n modification of the forward scatter LDV developed for the Tl
5 HEBBLE SeaDuct. In the modified version, rather than =T
e measuring the two components of velocity (u,w), two estimates e
W of one velocity component ( u ) will be made at twvo spatial R
' points separated less than a Kolmogorov length scale apart, i '~
. Determination of the dissipation from the correlation of the N
s accelerations as measured at these two points produces Uy
= unbiased estimates, which in conventional single point LDV's t'\-'
¢ are severely biased due to 'phase noise' caused by particle ','.‘_\'_'::-i
. statistics., In the first phase of this program, this twin- LY
' velocity estimate LDV (TVE-LDV) will be used in laboratory b os
flows where dissipation statistics are known. In subsequent AN

years, the instrument will be used in surface layer field NN

> experiments where advection will be meassured by an acoustic \::,:
.. BASS sensor and other supporting measurements will be . AR
obtained from a suite of meteorological and wave-height yao

8ensors., A
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Kenneth R. Allen

Fundamental Statistical Formulation of the Oceanic
Geostrophic Mode System

We have obtained a canonical Hamiltonian formulation of oceanic
fluid motions which includes the Coriolis effect, internal wave modes, and
geostrophic modes. This formulation is in precisely ‘the form required for
application of the statistical mechanics methods of Prigogine. The purpose of
this project is to obtain the master equation, valid in the weak interaction
approximation, which describes the statistical evolution of the geostrophic
mode system. The master equation will be used to estimate the relaxation
times associated with the geostrophic modes.

The Johns Hopkins University
Applied Physics Laboratory
Laurel, MD 20707
301/953-5000

Contract Period

1 October 1985 through
30 September 1986
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OCEAN MIXING PROCESSES

Frontal structures have distributions and scales given
primarily by the strain field of the large-scale flow,
the coherent features of which are distinctive signa-
tures clearly observable in satellite infra-red scanner
images. We have found that surface and subsurface
gradients and structure of the temperature and salinity
field depend strongly on position within these large-
scale structures. This is a continmuing investigation;
satellite observations determining the in-situ sampling
strategy. Although the California coast was chosen be-
cause of operational simplicity, we believe that only a
limited mmmber of coherent structures exist in oceans

and that a study of the type begun here will be appliable
to other areas as well.

Scripps Institution of Oceanography
1a Jolla, CA 92093
(619) 452-6843
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John M. Bane

STRUCTURE AND !NERdETICS OF GULF STREAM FLUCTUATIONS
DOWNSTREAM OF CAPE HATTERAS

In the region northeast of Cape Hatteras, NC, the Gulf Stream
path meanders, typically with amplitude increasing downstreanm.
It ranges throughout an envelope that grows to several times
the width of the current itself and frequently interacts with
rings and eddies. Previous observational and theoretical
modeling studies have raised questions regarding the
fundamental dynamical and energy balances governing the
meandering. During the past funding period we have been
collaborating with Dr. D. Randolph Watts (URI1) in
observational studies of the structure and energetics of Gulf
Stream fluctuations. A large data set was obtained from an
array of inverted echo sounders and current meter moorings
deployed just downstream of Cape Hatteras in a region of rapid
meander growth, and from seven AXBT mappings, which were made
to document the Gulf Stream’s spatial structure there. The
goal of this study was to characterize the full x,y,z, and t
structure of the fluctuations and to determine the relative
importance of baroclinic and barotropic instability processes
in supplying energy to them. The 500 and 1000 m mean velocity
vectors from the moored array indicate that the anticyclonic
flank of the Stream was positioned over the array during most
of the year. A deep counter-current flow towards the
southwest at about 4 cm/sec was observed over the 4000 m
isobath, just seaward of the Stream’s position. Although
nearly 100 km shoreward (i.e., northwestward) of its mean
position early in the year, the Stream shifted seaward and
into the array during April, following the coalescence of a
cold core ring with the Stream in the vicinity of the array.
While the Stream flowed through the array during the next
several months, its variability was dominated by Gulf Stream
meanders with periods in the 4 to 40 day band. At least one
more cold core ring passage through the array was recorded
during late September. On two occasions the movement of a
mid-depth, anticyclonically rotating warm eddy through the
array was observed. Several submesoscale coherent vortices
were also observed to move through the array. Deeper
fluctuations below the Stream had characteristics of
topographic Rossby waves, with rms velocities of about 6-9
cm/sec, generally southwestward propagation, and periods
ranging from about a week to nearly 50 days. '

Marine Sciences Program
University of North Carolina
Chapel Hill, NC 27514
(919) 962-1252
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Douglas B. Boudra

Studies of the Agulhas Current System
and its Role in the Global Ocean Circulation

This project focuses on the physical/dynamical processes associated
with the Agulhas Current Retroflection region off the South African
coast. We have been studying this region using a hierarchy of
numerical models examining the wind-driven circulation of the South
Atlantic-Indian Ocean and comparing our results with observation. For
simplicity, we have represented the two-basin system as a zonally
oriented rectangle with an appendage extending from the northern wall
representing Africa. As a first approximation, Africa's shape was
that of a thin rectangle. The basin is forced with steady zonal winds
which vary sinusoidally 1in the north-south direction. Maximum
easterlies are along the northern boundary. Africa is 600 km in
length and the westerly wind maximum is 400 km south of its southern
tip. The 280 km from this maximum to the southern boundary is forced
cyclonically. This provides for a free jet/frontal type feature a few
hundred km south of the tip of Africa with which the retroflection can
interact, much as does the northern edge of the Antarctic Circumpolar
Current.
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Within this framework in a one-layer model, retroflection was found
to be dependent on the southward inertia in the separating Agulhas
Current and in the way this inertia influences the change in the R
vorticity balance as the Agulhas leaves the no-slip boundary for the T4
open ocean (W. de Ruijter and D. Boudra, DSR, 1985). Experiments with :
a 2- and 3-layer quasi-isopycnic coordinate model revealed a similar
dependence on the B-effect in the separating current (D. Boudra and W.
de Ruijter, DSR, In press, 1986). Also pointed out was the
significance of friction in the western boundary layer and the L
mechanisms by which Agulhas rings form in the model. A

In our current work, Africa has the approximate shape of the South
Africa/Agulhas Bank combination. Thus, the magnitude of the B-effect
in the model Agulhas has a more realistic relationship to that in the
actual Agulhas. The retroflection dynamics are approximately the same
as in the rectangular Africa case, but there is more exchange between
the two basins. We are currently focusing on understanding the
dynamics of retroflection and ring formation in terms of the vorticity -
balance and energy conversion. Recent analysis suggests that ring
formation in the model is dominated by baroclinic instability. When
computational resources become available we plan experiments with more
realistic basin and wind forcing scales.
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Kenneth H. Brink

A LONG TERM STUDY OF THE OCEAN'S RESPONSE
TO FLUCTUATING WINDS SOUTH OF BERMUDA

Data are being collected to test the hypothesis that fluctuating

winds over the North Atlantic Ocean can generate measurable subin-
ertial frequency current fluctuations throughout the water column.
These fluctuations may dominate the background current variability

in the ocean in regions away from the influence of intense oceanic
currents.

In order to gather sufficient data, two intermediate moorings were
deployed at 25.5°N, 70°W and 28°N, 70°W during October 1984. The
two moorings are to be recovered in June 1986. Various wind data
are being collected for intercomparison and for a basis of studies
of coherence with current fluctuations. The two moorings bracket
the FASINEX area, and can also be thought of as a long-term compo-

nent of that program. The wind data are currently being obtained
and archived.

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02536
(617) 548-1400, ext. 2535

January 1, 1986-December 31, 1987
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Melbourne G. Briscoe
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The LOng Term Upper-Ocean Study wmas a two-year fleld
effort in the central Sargasso Sea, during 1982-1984.
The main objective wmas the observation, description and
undersatanding of the variability of the internal wave
field as a function of time, mind, depth, surrounding
eddy field, and other environmental factors. The data
were from a total of 10 moorings including 4 surface
moorings, 87 current meters at depths from 5 to 4000m,
surface wave and meteorological instrumentation, and
hydrographic profiles at each visit to the site. The
final data were obtained in May 1984 and the final data
report was completed in December 1985 (now in press).

The analysis has concentrated on the description of the
internal wave field and the characterization of the
atmospheric and low-frequency oceanic forcing fields

that contribute to the energy balance of the internal
waves. .

There are several surprising results to date:

(1) the internal wmave field (for frequencies higher
than tidal and inertial) has a seasonal variability to
1000m, with a late-winter maximum energy that is ten
times the late-summer minimum;

(2) the lou frequency eddy field is nearly constant
in the top 500m of the wmater column, instead of the
expected surface intensification;

(3) the low frequency currents are coherent with the
wind stress at the site in a 2-6 day band, a 20-40 day
band, and for periods longer than 100 days.
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The analysis is continuing, with concentration on the

vertical structure of the low frequency current field -
and its relation to the wind stress, and the detailed

correlation between the internal mave energy variations

and the forcing functions.

Woods Hole Oceanographic Institution
Woods Hole, MA 02543

(617) 548-1400 Telemail: M.BRISCOE

1 January 1986 - 31 December 1986
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Melbourne G. Brisacoe .
Albert J. Williams, 111 DTN

RICHARDSON NUMBER FLOAT et

The Richardson number is the ratio of density gradient fu
to squared velocity gradient, wmith appropriate )
constants, and when large suggests that the fluid is

B A -'Jt.‘»'t.' L e hts LN
[y
[}
2

stable to potential overturning forces. Although .
o details vary according to one‘'s theory of mixing in the L
l, ocean, when the Richardson number is small it suggests —
3 ; the fluid is unstable and that mixing will occur. ji}
.« - ‘-.'..-
F‘ Our objective is to deploy a neutrally buoyant midwater i§§{
g float that carries instrumentation to measure the kat
o Richardson number within the parcel of water in which D
! the float is embedded, for a period of 2-3 weeks during N
X the Patch Experiment (PATCHEX) of Dr. Mike Gregg and e,
~ co-workers, which is planned for 26 September to 26 ad
g- October 1986 southwest of Seattle. ﬁ}ﬁ:
b AR
E The float will be a modification of the Benthic {;-';j:
‘ Acoustic Stress System (BASS) used in the HEBBLE and . '
.o other programs as a bottom instrument; our principal ;}ﬁw
o modification is to ballast it for neutral buoyancy and i&\f
5: to add a modest depth-adjustment capability. There are ;}ﬂﬁ
o~ six 3-dimensional acoustic velocity sensors on it at jfi:
s vertical spacings of 50cm to 5m, and 8 fast response AT
. themmistors. Density profiles from the other e o]
c investigators in PATCHEX will provide the information '}ﬁf
Pj needed to convert our tamperatures to densities. _Qni
Ll N
t- The work now involves the float construction and the A
k;_ preparation of an acoustic tracking and position- TTele

prediction system to let the ship stay near the float
for microstructure profiles. We anticipate a 15-20 day
record of varying Richardson number that correlates
with nearby dissipation measurements and with estimates
of the internal wave field variability.
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Woods Hole Oceanographic Institution
Woods Hole, MA 02543
(617 ) 548-1400

1 October 1985 - 30 September 1986 v
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Otis B. Brown
Robert H. Evans
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SATELLITE REMOTE SENSING OF LARGE SCALE OCEAN TRANSIENTS .

“w

5
&
2, %

The 1long-range objectives of this project include study of
transient behavior of western boundary currents and associated
eddy structures, frontal processes, and their response to N
atmospheric forcing as observed by satellite remote sensing 0L
techniques. Attainment of these objectives requires development
of quantitative assimilation methods for satellite data on both e
large and small scales supported by suitable tools which yield R
timely analysis of calibrated, navigated satellite observations. e
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‘ Efforts in the past year have focused on obtaining a multi-year e

' time series of high resolution NOAA AVHRR retrievals for the .
Brazil Current/Falklands (Malvinas) Confluence, development of an
accurate AVHRR calibration, and operation of a global retrieval
capability using a DOD furnished satellite receiving system. The
confluence work, which started in August, 1984, 1is proceeding
well. A cooperative endeavor with A, Gordon and D. Olson utilized

near real time satellite data to guide the R/V Thomas Washington f "

to selected mesoscale features for seeding with drifters during .
. the October, 1984 cruise. Analyses of the limited retrieval set O
: presently available finds large, poleward pulses of Brazil Current A
. water offshore of a Malvinas Current frontal region occurring S
: twice in a two-year record. A longer term analysis (five years) hOAYSS
: of seasonal SST frontal variability is now underway based on E*“'

historical satellite data. The full multi-year data is being used R
) for analyses of variability on monthly and longer scales. 'j:j:
" N
L Recent development and publication of an improved AVHRR ORNAN
- calibration methodology is expected to significantly enhance the RGNS
3 quality of passive infrared SST estimates. The DOD DOMSAT ST
L receiving system for NOAA polar orbiter data is now in operation AR
o for East Coast direct broadcast observations. Global operation is B NG

expected by late May, 1986.
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University of Miami

Rosenstiel School of Marine and Atmospheric Science U
: Division of Meteorology and Physical Oceanography i
s 4600 Rickenbacker Causeway RUAN

Miami, Florida 33149-1098 .1::::2::
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Harry L. Bryden

GULF STREAM OBSEK.ATIONS

The first intermediate mooring extending up into the thermocline
of the fully-developed, deep-water Gulf Stream was deployed at

the mean position of the Gulf Stream from October 1982 to October
1983. Current meter measurements at nominal depths of 400, 700,
1000, 2000 and 4000 meters have been used to show that the instan-
taneous Gulf Stream penetrates to the bottom in this region. Also,
as the Gulf Stream meanders past the mooring, the combined current
and temperature measurements are used to profile the horizontal
structure of the Gulf Stream including its potential vorticity.
Vertical velocities throughout the water column calculated from
the turning of the horizontal current about the vertical are high-
ly correlated with upward velocities at the bottom generated by
deep flow across the isobaths. Finally, an analysis of the ener-
getics of the observed mean and fluctuating fields suggests that
barotropic and baroclinic instabilities are equally important in
the Gulf Stream in this region.

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
(617) 548-1400 Ext. 2806

Contract Period: 1 October 1982 - 30 September 1984
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Robert R.P. Chase

Telemetry Systems Project

Phase 1I: Satellite-Linked, Moored Oceanographic .
Instrument Systems

AR N A YRS S s s s s R
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The Telemetry Systems Project is a cooperative,
research and development effort between four separate -
Laboratories and groups within WHOI. The purpose of
the Project is to push forward with developing state-
of-the~-art, modular telemetering instrument systems
capable of supporting a new research methodology in
which synoptic data is acquired in real-time to further
develop, initialize, and operationally support research
with oceanic forecast models. Phase I of this project
concentrated on Lagrangian systems resulting in the
RELAYS suite of instrument systems while Phase II
builds upon these developments, concentrating on
Eulerian systems.
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Under the second phase of the project, we have -

ARy
explored both the conceptual and systems level designs e
of a new generation of moored instrument systems. We &
have examined the scientific requirements for a next -
generation system and evaluated various technical solu- e

tions against a set of baseline scientific require-
ments. This work resulted in a modular mooring concept
with a suite of near-real to real-time data telemetry
subsystems. The choice of telemetry subsystems is
dependent upon the specific experiment (i.e. open ver-
sus ice covered ocean; high versus low eddy kinetic
energy region) to be undertaken.
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As currently conceived, modular moorings will be
cost competitive with conventional moorings, while
providing significantly greater flexibility in data
acquisition, sampling strategy, preprocessing, and
distribution.

We are now working on the detailed design of the
modular moorings per se. We expect to complete this
design work during FY 86 and will begin constructing
the first prototypes early in the next fiscal year.
Existing plans call for deployment of these prototypes
in a pilot SYNOPS experiment during the spring of 1987.

Woods Hole Oceanographic Institution
Woods Hole, MA 02543
(617) 548-1400, Extension 2759

10/1/84-3/31/86
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Peter Cornillon

GULF STREAM PATH DYNAMICS: A SATELLITE PERSPECTIVE

This study deals with Gulf Stream meandering from Cape Hatteras to
45°W for the period from spring 1979 through December 1986 using
satellite-derived sea surface temperature (SST) fields. The study is
designed to complement our NSF-funded research currently in progress.
It has been conceived as part of ONR's SYNOP initiative with the
objectives tallored to address issues identified at the recent SYNOP

workshop as being of general importance. The specific problems to be
addressed are the following:

(i) Gulf Stream path dynamics from 60°W to 45°W;

({1) large amplitude disturbances of the Gulf Stream and resulting
mesoscale features north and south of the Stream; and,

(i11) effects of inlet conditions, especially transport, on down-
stream meandering and shingling.

A byproduct of the research will be a time series of Gulf Stream SST -
flelds and one of Gulf Stream path positions. It is anticipated that

these time series will be of interest to the SYNOP experimental team as
a whole.

Graduaté School of Oceanography
University of Rhode Island
Kingston, RI 02881

(401) 792-6283

Contract Period: 1/86-12/87
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Peter Cornillon
David Evans

SATELLITE OBSERVATIONS OF THE SUBTROPLCAL FRONT(S)

This project consists of two parts, one dealing with the satellite
support of FASINEX and the second with the pursuit of specific
scientific objectives related to the subtropical front. To date the
bulk of the work has been toward the support of the deployment of
FASINEX moorings in January and the intensive field program in
February.

The support of the deployment cruise, Leg 1, was very successful in
that the data reduced the ship-time required to map the front, provided
an added level of confidence in the data obtained by the ship, and
demonstrated the practicality of satellite-derived data in near real
time oceanographic research operations. Support continues in the
intensive survey of Leg 2. In the meantime, a chronology of the
location and evolution of the front under study is being assembled.

We are pursuing four specific scientific objectives as part of this
project:

"(a) Where is the Subtropical Front(s) located and how does it move

with time?

(b) what gives rise to the Front?

(c) wWhat are the smll scale (<50 km) characteristics of fronts in

the FASINEX study area?

(d) What forces these small scale perturbations of the fronts?

Significant progress has been mde on the first two objectives and
we anticipate completing these this calendar year. In preparation for
FASINEX a four-year history of fronts in the general study area (23 to
33°N, 73 to 61°W) has been generated. Also numerical predictions of sea
surface winds covering the same period have been obtained from Fleet
Numerical QOceanography Center. The relationship between the winds and
the location of the front is currently being investigated with specific
attention given to the predictions of various models of the forcing of
the front.

Objectives (¢) and ' (d) will make use of in situ observations
collected during Leg 2 by R/V ENDEAVOR and R/V OCEANUS, by the moorings
and by observations made in Leg ! by R/V KNORR. While on Leg 1, we had
one week Of clear satellite coverage during which a feature very similar
in aspect to a Gulf Stream shingle propagated from west to east past the
array. Data were also collected in this feature by KNORR. Its
existence, its similarity to features in the Gulf Stream and the in situ
data collected in and around offer an excellent opportunity to address
objectives (c) and (d). We anticipate the sampling of other similar
features during the remainder of the intensive sampling program.

As a first step in the analysis of small-scale (-50 km) features,
their .requency of occurrence and similarity in charcteristics as seen
in the satellite data will be investigated. This will be followed by
the numerical similation of the events; {nitializing the model with the
shape of the feature and then comparing the evolution as shown in the
model with that observed. The model is quasigeostrophic and uses the
method of contour dynamics to determine the evolution of the front. It
was designed by L. Pratt for use with the Gulf Stream, but discussions
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with L. Pratt indicate that {t may be better suited to following the
evolution of fronts in the Subtropical Convergence in that the flow {s
slower, hence closer to being Quasigeostrophic and further from

topographic constraints of any kind. We are currently running the model
for the Gulf Stream. '

Graduate School of Oceanography
University of Rhode Island
Kingston, RI 02881

Contract Period: 01/1986-12/1987
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BRUCE D. CORNUELLE

STUDIES OF THE OPTIMAL USE OF DYNAMICAL MODELS AND
OTHER FRIOR CONSTRAINTS IN THE ANALYSIS OF OCEAN DATA

I am studying methods for combining ocean data with medium-
and large-scale ocean models. The data can be of many different
types and can be scattered throughout the space-time region of
interest. Because the initial and boundary conditions required by
traditional mathematics are mot available in these cases, the
research focusses on approximate solution methods to find a likely
ocead realisation which satisfies the model physics and reproduces
the measurements to within experimental errors. Ome approach to
this problem is to use an updating method which uses a nummerical
model to propagate the ocean estimate forward in time and revises
the ocean estimate when new data are available. I lhave completed
some simulations of an updating method using an approximate ver-
sion of the Kalman filter on mesoscale data, and will have a draft
ready for submission soon.

The updating method will now be applied to the mixed dataset
from the 1981 ocean tomography experiment, which used several
instrument types (including acoustic travel times, current meas-—
urements, CID stations, and T-P records) and extended over about 3
months. This dataset should provide a test of the updating on
real data, and the update will also serve as a test of the appli-
cability of linear quasi-geostrophic dynamics to that dataset.

I will soon begin work with Dr. G. Vallis (SIO) to examine
predictability times in his baroclinic monlinear guasi-geostrophic
spectral model, which is far more sophisticated tham the simple
linear model used so far. Dr. Vallis has considerable experience
with predictability experiments in non-linear flows, and we hope
to see what effect data addition has on predictability times. The
nev model.will slso allow us to examine the effects of known or
unknown forcing and topography on the predictability of the flows.

Scripps Institution of Oceanography
A-030

La Jolla, CA, 92093

(619) 452-4021

Oct. 1985 - Sept. 1987
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Charles §S. Cox

CARTESIAN DIVER OBSERVATIONS

The cartesian diver is s free vebicle that makes repeated vertical
dives from the surface to a depth of a few hundred meters. It
records vertical shear in horizontal wster velocity by the GEK
method and also vertical velocity, salinity, temperature, and con~-
ductivity microstructure.

Observations have been analyzed from MILDEX and 4 other locationms.
Except for one near sh-—~ station where the motions were dominated
by low mode internal wav s, the data show that the mean square
shear is always high (that is, Richardson numbers less than unity)
and that the vertical wavenumber spectrum of horizontal velocity
is wvariable. During high energy episodes the low wavenomber part
of the spectrum increases and the high wavenumber part steepens so
that the spectral intensity for the shortest observed waves (vert-
ical wavelength 2-5 m) remains relatively constant, independent of
the total kinetic energy. This picture is conmsistent with the
view that the intensity of the shortest waves is constrained by
dissipation in occasional turbulent bursts while the longer waves
provide an energy cascade to maintain the short waves.

Scripps Institution of Oceanography
Mail Stop A-030, La Jolla, CA 92093 .
(619) 452-3235
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Dr. B. Cushman-Roisin

MESOSCALE FRONTS IN THE UPPER OCEAN

The evolution of upper-ocean mesoscale fronts (scale
of 100 km or so) is studied by analytical and
numerical techniques. Included in this category of
fronts are the Gulf Stream north wall, coastal fronts
and intense isolated vortices. One regime that is
given particular attention is that of the so-called
frontal geostrophic dynamics, which involves a
specific balance of forces that is a primary
controlling factor in the evolution of mesoscale
fronts. The corresponding equations are relatively
simple and make possible the investigation of new
problems such as large-amplitude front stability, ring
formation and current-ring interaction. The numerical
studies are based on a straightforward and powerful
application of the point-vortex method to the frontal

geostrophic dynamics.

Department of Oceanography
Florida State University
Tallahassee, FL 32306-3048
(904)644-6700
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I: ARCTIC INTERNAL WAVE MEASUREMENTS USING THE XCP :::(.;:
: AN
*
The Arctic Internal Wave Experiment (AIWEX) made comprehensive : . )
A measurements of velocity, salinity, and temperature beneath the ice pack of the ‘:jf.:ﬁ;
" Beaufort Sea in March and April, 1985. As part of these studies, 136 profiles BV
- of velocity were made in an area several tens of miles around the central camp, s
< using expendable velocity profiles carried in a helicopter. These were supple- R0
‘ mented by mobile CTD and expendable dissipation probe (XDP) measurements. o
Velocity fluctuations due to internal waves were quite weak compared to P

those in mid-latitudes, corresponding to an energy level 20-50 times less than
the canonical Garrett-Munk levels. The strongest velocities were measured e
inside of intense, circular eddies. These have little or no expression at the Rt
underside of the ice, but produce subsurface velocities measured up to 30cmys.
Four such eddies were found ranging from 12-25 km in diameter. One was
.. surveyed repeatedly for 3 weeks with little change in its characteristics. These AR
N eddies appeared as counter-rotating pairs, the clockwise rotating eddy above the
- anti-clockwise rotating eddy. Turbulence levels were very low both inside and -
outside an eddy. Present analysis of this data is concentrated on describing
both the eddies and internal waves and understanding their dynamics and ori-
gin.
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Eric A. D’Asaro

MEASUREMENT OF UPPER OCEAN RESPONSE
TO NORTH PACIFIC STORMS USING
AIR EXPENDABLE VELOCITY PROFILERS

Present models of the upper ocean response to strong storms indicate a
strong role for horizontal processes in transferring heat and momentumn from
the upper ocean to deeper layers. Measurements of these processes under the
severe conditions expected in storms is difficult using shipboard instrumenta-
tion. This project aims to use aircraft-deployed velocity and temperature
profilers (AXCP) to survey the velocity field of the upper ocean before, during,
and after several strong North Pacific Storms as part of the OCEAN STORMS
experiment in the fall and winter of 1987-88. These data will be combined
with meteorological and oceanographic measurements by other investigators to
test models of upper ocean thermal structure, currents, particularly inertial
currents and turbulence.

Present work in preparation for the OCEAN STORMS experiment
includes modelling of ocean reponse to realistic wind fields measured by the
Seasat scatterometer and modelling upper ocean turbulence and internal waves.
The principal investigator is also serving as coordinator for OCEAN STORMS.

Applied Physics Laboratory, University of Washington
1013 N.E. 40th St.

Seattle, WA 98195

206/545-2982

1 October 1985 - 30 September 1986
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K. L. DAVIDSON

Atmospheric Forcing on Ocean-Atmosphere Boundary-lLayer
Processes

This effort includes model formulation/evaluation and
observational studies on the coupling between structures and
processes in the adjacent oceanic and atmospheric layers. The
formulatiqn/evaluation tasks examine predicted evolutions in
the oceanic and atmospheric boundary layers obtained from bulk
models. Observations were made of atmospheric structure and
forcing during MILDEX-83. Observations are being planned in
the Frontal Air-Sea Interaction Experiment (FASINEX) 4n
February and March 1986.

The objective is to characterize local air-sea interaction in
terms of the coupled changes and equilibrium states within
adjacent oceanic and atmospheric boundary layers. The
characterization 1s based on measurements and computational
resources available to a ship and is for predictions of both
mixed layers for periods of 24 to 36 hours. The prediction
would be for a point and exclude ocean and atmosphere
advection effects.

The approach at present is to:

a. Evaluate a micro-computer based coupled intergrated
marine atmospheric boundary (MABL) and ocean boundary
layer (0BL) model. Evaluations fnclude sensitivity
analyses on exchange coefficients in the coupled
MABL-0BL model with existing (MILDEX,STREX) and
planned (FASINEX) data sets satisfying one
dimensional constraints.

b. Obtain description of coupled MABL features and ocean
forcing from shipboard measurements in experiments

when (FASINEX) horizontal gradients at surface are
fmportant.

The work is being performed in collaboration with OBL modeling
efforts by Dr. R. W. Garwood and with participants in the
MILDEX and FASINEX experiments.

Department of Meteorology
Naval Postgraduate School
Monterey, California 93943
(408) 646-2309
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. LAGRANGIAN CIRCULATION STUDIES Nl
o T
ﬂﬁ The purpose of this new program is to develop observational and . “’:
bﬂ_ analytic tools to describe ocean circulation with current follow- L
I. ing floats. During 1985 this involved two tasks. ot
e el
{: 1.) In cooperation with Webb Rescarch, considerable progress bhas R
R been made in developing and testing a vertically cycling neutrally e
-t buoyant float for observing large scale currents. A prototype I
o Autonomous Lagrangisn Circulation Explorer (ALACE) has been suc- A

cessfully exercised. This device cycles between the surface
(where it is located by ARGOS) and depths up to 2000m where it is
s current follower. Buoyancy is changed by a battery powered
motor and hydraulic pump transferring oil between an internal
reservoir and an external bladder. At the surface & unique wave-
powvered pump increases buoyancy further, decreasing the probabil-

i ity of submergence during ARGOS transmission. Engineering L.

. development is continuing and we hope to deploy several ALACEs in e

g the Pacific gyre scale tomography experiment, R

" - RN

}: 2.) The utility of Lagrangian observations for describing general iﬁ

I circulation scale property tramsport is being examined. A model, .
which takes into account the finite time and space scales of eddy '

. motion, has been unsed to derive a transport equation for property BN

:%j transport. This transport equation is an elaborated advection- )

f:- diffusion equation with the diffusivity defined in terms of

L:: lateral particle motion. Real floats do mnot accurately follow

2y vertical velocity but analysis shows the resulting errors in the

.I mean lateral motion and particle dispersion inferred from floats

. are mnegligible. Simulations of float motion in two—-dimensional

j: geophysical turbulence with mean shear and confining boundaries

\;a are being used to test the theoretical tramsport model and to

;? refine the reqirements for sampling and float arrays.

:t:

F

o~ University of California, San Diego N
R Scripps Institution of Oceanography OO,
) Mail Code A-030
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A UPPER OCEAN DYNANICS '.jl;':Z;
¢ e
l For several years this program has sought to describe, through >
.- observation and analysis, aspects of the dynamics of the upper ;Q}:
o ocean and their relationm to atmospheric forcing. i{f
: | o
e Qver the years the focus has shifted from the ome~dimensional .f\;?
! processes investigated in the Mized Layer Experiment (MILE) 9&3‘
l- towards the two—dimensional processes being examined in the Fron- o
n tal Air-Sea Interaction Experiment (FASINEX) and the three- S
NE dimensional wind response to be examined in the 1987 experiment e
- Ocean Storms. -
.\. . n .
" At the same time the program has concerned the evolution of obser- :;E:
i vational tools for such studies and bhas invested effort in -
- development of the Vector Measuring Current Meter, shipboard ek
;: acoustic Doppler current profilers and self-contained Doppler pro- o
N filers. xitf
~ ol
Q) Recent activity has been in the following areas: BN
i' 1.) Dan Rudnick, a graduate student, has completed a theoretical v
o examination of frontogenisis in mixing layers. This provides a Lj:}
- unified framework describing front formation in convergent flows M
- (as subtropical fronts are supposed to be), in divergent flows (as }5ﬁ:
N occurs in forming coastal upwelling froamts), and in regions of Rt
' localized mixing (as tidal fronts). He intends to extend his Tete
. analysis in conjunction with amalysis of FASINEX. N
. o
i: 2.) Ve are presently participating in FASINEX with a shipboard i*:}
? acoustic Doppler profiler gathering data which will be integrated *:*{
- with rapid temperature and salinity profiling from anm IOS batfish. ::ﬁ
™ This should provide an nunprecedented synoptic view of fromtal -t
~ regions. DR
- : ..-\:
e 3.) A comparison of velocity observetions from a self-contained RD S
E Instruments acoustic Doppler current profiler is in the analysis L)
/i stage. This is preparatory to participation in Ocean Storms where ﬁgiﬁ
f; five profilers will be deployed to observe the three-dimensional .
> structure of the ocean respoase to strong wind forcing. T
e e
N
v University of California, San Diego N
oy Scripps Institotion of Oceanography A
. Mail Code A-030 v
N La Jolls, California 92093 v
. (619) 452-4415 sz_f
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DYNAMICS OF THE UPPER OCEAN RN,
[} .
r T
: The major thrust of my research is the upper ocean's response to - ;
. forcing by momentum and heat transfer to and from the atmosphere. o
’ Hence, | intend to participate in the OCEAN STORMS experiment in R
' 1987-88. My contribution to the core field program will consist of T
! the deployment of a mooring carrying a meteorological package, o
' thermistor chains, and possibly current meters. In this I would el
. collaborate directly with Murray Llevine and Clayton Paulson (T- RSALA
: chains and current meters), and Dale Pillsbury (technical support), et
\ a]] Of o.S.U. ‘-:‘:-:;:-
N RS A
l. My scientific objectives are the description of budgets for heat, c‘,g'
: potential energy, and momentum on the time-scales of individual N
- storms, and the discernment of the contribution of advection, AW
N horizontal and vertical, to these budgets. Wind stress forces :¢\j§
: inertial motions, the most energetic contribution to the spectrum .x;i:
of current, with coherence scales on the order of 50 km. This A
i means that, on the larger scale of a storm system, entrainment -

proceeds at different rates from point to point depending on the

N
. phase between pre-existing inertial current and wind, resulting in :ﬁ}i:'
: a grainy distribution of mixed layer depth. The better description W
! and modelling of this horizontal distribution of inertial currents 3?}:‘
l and upper ocean structure is among my research objectives. ;’-‘

) College of Oceanography

: Oregon State University
Corvallis, Oregon 97331
(503) 754-3160
Telemail: R.DESZOEKE
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D. R. Caldwell DI

0SU MICROSTRUCTURE ‘ol

Our long-term goal is to learn more about the processes by
which heat, mass and momentum are transported in the ocean, and
about how kinetic energy and temperature variance are dissipated.
We have been testing the applicability to oceanic turbulence of
theoretical models, and rules derived from turbulence measurements Ll
in laboratories and in the atmosphere. Our most recent experimental ST
efforts have been to measure the microstructure of temperature,
conductivity, and horizontal shear in the mixed layer off the
California coast as part of MILDEX, and in the Arctic Ocean as part
of project AIWEX. Analysis of both these data sets is continuing.

See Wo——— e P Y N =

A major result of MILDEX was to successfully measure the

i kinetic energy dissipation rate near the sea surface with WAZP Ciw

) (WAve Zone Profiler), a microstructure profiler carrying microscale :j:*
temperature and conductivity sensors, and airfoil shear sensors. }i\*

. WAZP descends to a operator-determined depth, releases a ballast Qf:*

: weight, then buoyantly ascends. Turbulence measurements are T;Qi

. continued until the sensors break the sea surface. During MILDEX, e

§ we observed that the kinetic energy dissipation rate is sometimes o

\ well-described by boundary layer models, but at other times may be Z:B:L

. much larger than boundary layer models predict. It may be that RO

z the largest dissipation rates are linked to secondary circulations ;:%:

- (possibly Langmuir cells) within the mixing layer. jf}:,

A DG

i During AIWEX, we measured microstructure while camped on .

\ an ice flow in the Beaufort Sea in March and April, 1985. Over DN,

. 700 profiles were collected. Turbulence in the Beaufort Sea was PSR

. ' very weak, with few turbulent overturns observed below the surface 3:*::

. layer. An exception to this rule was seen when a sub-surface Q}?{.

. mesoscale eddy passed through the observation area; then, moderately Gtk

E- large dissipations were seen at the depths where the eddy’s shear .

Py was maximal. Step-like temperature and salinity structures were BANAS

" always observed somewhere in the depth range 300-500 m. The steps RN,

. are caused by a double-diffusive instability, and the turbulent if:s

i kinetic energy dissipation rate in the step region was very small. }.-ﬁ

; The heat transported by double-diffusive processes may be the major TN

) means of heat transport from the Atlantic water mass to the cooler, .

- fresher Arctic water above. We are presently trying to quantify SRR

: the double-diffusive heat transport and the intermittent, weak SO

by turbulent mixing.

S

R' Contract Period:
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I OCEANIC CURRENT SYSTEM RESPONSE TO TOPOGRAPHY . \_-\3
: o
:I There has been conflicting observational evidence over the effect of the New \\E
: England Seamount Chain (NESC) on the path of the Gulf Stream. Surface R
d drifter data have indicated an increase in eddy and meander activity in the .
l vicinity of the NESC. However, digitized satellite data of the position of the PR
: Gulf Stream front indicates that, on the average, the Gulf Stream does not feel S
- the influence of the seamounts. The scientific objective of this research is to )
. determine the effect of abrupt topography such as the NESC on the mean path e
> of the Gulf Stream. Numerical models are used to simulate the long term N
. average and time varying energy and flow fields associated with the Gulf T
! Stream. Preliminary results indicate that the effects due to seamounts are feit el
. throughout the water column. However, the effects are mostly confined to areas-

: directly above the scamounts. The response is damped downstream of the

: scamounts, and there are no apparent effects upstream of the seamounts. A
; second effect of the seamounts is to shorten the period between times when RS
i there is a peak in eddy kinetic energy to 30 days vs. the 60 day eddy energy ..

: cycle of a flat-bottom ocean. I

; T

:‘ o
- i

)
: Department of Meteorology, Code 63 Sen
0 Naval Postgraduate School .:::.;:.:
. Monterey, CA 93943 Y
(408) 646-2373 (2736) RS
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Russell L. Elsberry
Lynn K. Shay

Ocean Response to Atmospheric Forcing

The focus of this research is on the ocean current response to
hurricane forcing. One important aspect of this work is to characterize
spatial and temporal scales of the forced, near-inertial wave field using
observations and numerical simulations. -Current meter observations
under hurricane Frederic document significant horizontal variations in
the response due presumably to the initial current fields along adjacent
sides of the DeSoto Canyon. Simulated current fields indicate that the
near-inertial response is sensitive to both the magnitude and direction
of the initial current field. The vertical structure of the near-inertial
response is dominated by larger wavelengths (low baroclinic modes) in
the deep ocean. In shallower water (depths < 1 km), there is evidence
of a significant barotropic component as well as a baroclinic response.
A second aspect of the research addresses thermal structure changes
due to shear-generated turbulence or horizontal advective processes.
To address this issue, two drifting buoys and 40 Airborne Expendable
Current Profilers (AXCP) are to be deployed in the wake of a moving
hurricane during the summer of 1986. The data from this experiment
as well as observations from previous field experiments in hurricanes
Josephine and Norbert will be combined with numerical simulations to
resolve the physical processes that modify upper ocean thermal and
current structure in response to hurricanes.

Department of Meteorology, Code 63
U. S. Naval Postgraduste School
Monterey, CA 93943-5008

(408) 646-2373 (2695)

1 October 1985 - 30 September 1986
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Charles C. Eriksen

UPPER OCEAN DYNAMICS

{5:
A

e
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The aim of this project is to understand the evolution of mass, momentum, .jC:ij
heat, and salt structure in the upper few hundred meters of the ocean. . 'Ab&?
Atmospheric forcing is applied to this upper region of the ocean and the deep Ay
ocean is forced in turn by processes of advection, diffusion and wave motions Y
occurring within this region. The particular approach taken in this project N

is observational and dynamical. Observations of current, temperature, and
salinity structure are collected and used to suggest physical models for the
processes observed.

Specifically, a moored upper ocean current and density profiling
instrument called the PCM (for Profiling Current Meter) has been used to
collect time series which describe upper ocean evolution over up to 200 m of
depth. Observations made with this instrument over opposite four-month
segments of the year give a detailed description of the seasonal cycle of
stratification evolution at a site midway between Cape Hatteras and Bermuda S
in the western North Atlantic (the LOTUS experiment). Although temporal ’ .

changes at a particular location are most often due to advection by currents, ﬁt{%:
vertical diffusion of heat and salt can be inferred from the measurements and N
its parametric dependence on the strength of stratification and shear }}:Sj
examined empirically. In addition, the observations demonstrate that upper N
ocean internal gravity wave energy and energy flux are modulated by lower Sy
frequency currents. |

In an attempt to discover the effects of upper ocean frontal structure on A
air-sea interaction, an array of 4 PMs together with 5 surface moorings (set -:,‘?
by Dr. R. Weller of Woods Hole Oceanographic Institution) has recently been '
deployed across a front in the subtropical convergence southwest of Bermuda.
These measurements comprise part of the joint oceanographic-meteorological
Frontal Alr Sea Interaction Experiment (FASINEX) whose intensive field work
was completed in early March, 1986. The moored array will be used to
understand how the presence of an upper ocean front alters upper ocean
response to atmospheric forcing as reflected by changes in momentum, heat and

salt structure. ff'
Department of Earth, Atmospheric and Planetary Sciences f:{l}
Massachusetts Institute of Technology : fg:&;
Cambridge, MA 02139 S
(617) 253-5738 N
N
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TRANSPORT MEASUREMENTS OF THE BRAZIL CURRENT
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Program Objectives
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To address the following questions:

What {s the southward transport of the South Atlantic Western

Boundary Current past the seamounts at 20°S?

2. Is there a barotropic Brazil Current? _

3. Does Antarctic Intermediate Water flow northward or southward
along the coast of Brazil between 32°S and 20°S?

4. Does the transport increase downstream?

How strong is the transport in the recirculation region near 30°S?

6. 1Is there a seasonal signal in the transport?

What i{s the horizontal character of the Brazil Current between

20°S and 32°S? Is it characterized by meanders and eddies or

does it flow smoothly along the 200 m isobath?

Present Status and Progress Over the Past Year

Ak

Joint funding with NSF has lead to the installation of seven Pegasus L
transponder sites between 20°S and 24°S. The transponders were deployed o
in April 1983 and revisited in October 1983 and October 1984. Work to
date has addressed all of the above questions at 20-24°S. Remote

i VUL

5

g

RSN

sensing work (analysis of LAC and GAC AVHRR data) has begun to address ?{;:
these questions with wider geographic scale. -fN:V
[ P

4"_'{\‘

We have made arrangements with the Brazilian Navy Hydrographic "-’?
Office (DHN) to use their ships. The first such cruise was in October A
1984, the next is scheduled for April. The Brazilian space agency, “

INPE, is collecting two passes per day of AVHRR data and sending them to

URI. We have provided large capacity disk storage capability to their __.;f
data acquisition computer in order to accomplish this. {f.j
The plan of the original proposal is delayed by about 3 months due %;;f

to ship schedul ing problems. Pegasus transponders will dbe deployed ﬁ{;:
between 30-32°S next month. Preliminary hydrographic survey data has ﬁ}:;
been obdtained from DHN to aid in locating the transponder line. :\ﬁ?j
Ry

Graduate Schcol of Oceanography, University of Rhode Island ?::.

Kingston, Rhode lsland, 02881
(401) 792-6506
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;:- ACOUSTIC SCINTILLATION STUDIES .
B Turbulent tidal flows are being investigated through O
o the scintillation structure of forward scattered sound NN
9 waves. Flow speed may be derived from the observed :::-';.‘
:- translation of the acoustic pattern, while the variability of j-".'_;:
::'.' the signal is related to the temperature and velocity fine ::\‘_,p:
- structure (D. Farmer and S. Clifford, Oc. Eng., 1986). While T
> various extensions of the basic concept are being explored, AR
b o including spatial aperture filtering to allow focussing on
kL. different parts of the acoustic path, the project is directed
}.j towards the study of turbulence and the breakdown of
" stratification in tidally forced shear flows. Analysis of
e acoustic phase structure function leads to a measurement of
. the outer scale of the turbulence. Initial experiments have s
shown how this scale is a sensitive function of the flow
- speed and stratification.
7 e
‘ T
» :
;_\.‘-
,-)' David M. Farmer ‘; :.:::
:. Institute of Ocean Sciences '_z::.{:
: P.0. Box 600 :
‘ Sidney, B.C,. V8L 4B2 :
N Canada .
> (604)656-8291 5y
s L
:‘ Cr
‘ Contract Period: !:.-r’
o 1 May, 1985 - 30 April, 1986 (Shared with: Upper Ocean e
N Boundary Layer Studies N
.\- from USS DOLPHIN) ok
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, UPPER OCEAN BOUNDARY LAYER STUDIES FROM USS DOLPHIN ::E'.::':
: S
':- .""J::
Studies of processes in the upper ocean boundary layer are Bren
. being carried out from the USS DOLPHIN, using high frequency —=
:-j acoustic backscatter. In addition to scattering from the sea R
L surface, the clouds of bubbles formed by breaking waves are ;;-f::-
- detected. Bubble concentrations over a range of sizes may be e
:j inferred from the target strength as a function of acoustic -j:.-:::
5 frequency. The bubble population, cloud shapes and spatial et
% distribution, together with related measurements including
! temperature and velocity microstructure, provide the basis
. for testing models of organised structures and turbulent O
~ diffusion in the upper ocean boundary layer, and the o
. mechanisms for gas flux across the air-sea interface. _’
-
N e
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= e
it A
2 N
5 David M. Farmer oS
vy Institute of Ocean Sciences S
- P.0. Box 600 :."-‘_::
Sidney, B.C,. V8L 4B2 Y,
p - Canada Ry
- (604)656-8291 :’_,:.:,
-
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<;: ) Contract Period: ::t:::
: 1 May, 1985 - 30 April, 1986 (Shared with: Acoustic o
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David M. Farmer

AMBIENT SOUND STUDIES OF AIR-SEA INTERACTION PROCESSES

A study of the acoustic signature of air-sea interaction
processes is being carried out using a combination of ambient
sound and active sonar schemes. The relationship between
wind stress and ambient sound detected beneath the surface is
explored with drifting and moored sensors in both vertical
and horizontal arrays. The dependence of temporal
and spatial variability and spectral properties are
interpreted with the aid of a theoretical model of the wave-
breaking process and the effects of bubble clouds. The
distinct properties of sound generated by rainfall are
investigated. A deployment in the FASINEX study allows
comparison with direct observation of wind-stress through a
range of stability conditions. Simultaneous measurement of
bubble population distribution by multifrequency echo-
sounding provides a basis for testing models of the influence
of bubbles on the observed levels of ambient sound.

David M. Farmer

Institute of Ocean Sciences
P.0. Box 600

Sidney, B.C,. V8L 4B2
Canada

(604)656-8291

Contract Period:
30 June, 1985-31 October, 1985
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Rana A. Fine

WATER MASS MODIFICATION IN THE AGULHAS
RETROFLECTION REGION USING FREON DATA

Analysis of freon and hydrographic data from the
Fall 1983 Agulhas Retroflection cruise shows the
importance of the region in modifying the thermocline
and Intermediate waters of the South Indian Ocean.
The retroflection region i1is a crossroads for the
mixing of water masses from three geographical areas:
South Atlantic, South Indian, and sub-Antarctic sector
) (Gordon, A., EOS, 1986). Strong interleaving regions
2 age found throughout the survey area between 15 and
4~C. These are characterized by correlations of
negative salinity anomalies with high freon
concentrations; they are used to calculate a diffusive
time scale for the mixing of about 10 years. The
active mixing in the region may be the reason that the
South Atlantic aQF Indian thermoclines are coincident
between 15 and 7°C in temperature and salinity space
(Gordon, A., SCIENCE, 1985). The percentage of modern
ventilation calculated using freon data are measurably
differens for the South Atlantic and Indian. Between
15 and 4°C South Indian waters have a lower percentage
of modern ventilation giving them an apparent age that
is 5 years younger than the South Atlantic waters.
South Atlantic waters are closer to the convective
source regions, i.e., the sub-Antarctic sector of the
South Atlantic. Whereas, the Agulhas serves as a
ventilation window for the South Indian thermocline.
The waters leaving the retroflection have been
modified rq}ative to those entering as follows: upper
waters (18°C) by mixing with Subtropical Mode Water
formed in the retroflection region; in the
temperature range 14 to 13 by mixing with South
Atlantic water; from 12 to 4°C by mixing with water
from the sub-Antarctic zone.

University of Miami

Rosenstiel School of Marine and Atmospheric Science
4600 Rickenbacker Causeway

Miami, FL 33149

(305)361-4722

October 1, 1984-September 30, 1986
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The long-range objective of this research is to incorporate
satellite measurements routinely into planning and execution of
future array experiments. More immediate objectives are to develop
techniques to compare measurements from previous experiments starting
with current meter, float and IR data in 1983. Specifically, I have
been working on programs to compare satellite IR data with direct
measurements by current meters and floats in the Gulf Stream region.

LA
AV

Il

we

RN, 4

A

A number of computer programs were written last year to subsample :Lfi:

and remap the satellite images and to overlay them with coastlines, CRbAN

bottom contours and velocity vectors from in situ measurements. ;1i:;1
A joint project (funded by NSF) with Peter Cornillon of URI is L

in progress to digitize the Gulf Stream thermal front positions
between Cape Hatteras and 58°W. These data provide an srregular
series of spatial configurations of the Gulf Stream for a 7-month
period (Mar.-Oct., 1983? during deployment of H. Bryden's Gusto
Mooring and N. Hogg's Abyssal Circulation Experiment. In addition,
about a dozen SOFAR floats were released in the Sargasso during this
period.

The preliminary comparison revealed several novel aspects of
Gulf Stream behavior. During the 7-month comparison period, several
ring formation events occurred. The float data showed evidence of

'I'-J." o 2
: a

much stronger interaction with the Sargasso than expected. 1In one .S
case, a 700-m float moved northwest from near Bermuda into a Gulf i;:\i
Stream meander at speed reaching 40 cm/s, traversing the entire N
recirculation gyre. In another case, a meander that did not propagate “: -

downstream developed upstream of the New England seamounts. Both
upstream and downstream portions of the Gulf Stream remained stationary
as the meander grew in amplitude. After about 6 weeks, meanders
developed rapidly along the entire front and the stationary meander
began to migrate downstream. The comparisons of IR images with in

situ measurements and model data will provide new interpretations of
Gulf Stream behavior and insight into the governing dynamics.
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Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
(617) 548-1400 ext 2487
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Carl A. Friehe ..
N Department of Mechanical Engineering e
\: Uo C. IrVine . :.:Jl ‘-:
N Irvine, CA 92717 A
N (714) 8%6-6159 AR
. Telemail: C. Friehe PSS
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o Aircraft Measurements in FASINEX
::j: In the contract period, work proceeded on the development and installation R
<. of equipment for turbulence, meteoroclogical and oceanographic (sea surface
temperature) measurements on the NRL RP-3A (Buno 146670) aircraft for the _ -
FASINEX experiment to be conducted between February 10 and March 15, 1986. NI
;ZEI A. As of 1 January 1986, all of the equipment has been installed, which i:::;"-:_
consists of: SARAX
- 1. Radome Wind and Turbulence System
- o
iy a. 5 holes in existing radome
-3 b. 3 pressure transducers
ol
W 2. Static and Dynamic Pressure
(V
T\ a., 1 static pressure transducer installed off of research static
- pressure ports.
Y
" b. 1 differential pressure transducer installed off of co-pilot's
5 Pitot-static tube.
,{. ¢c. 1 absolute pressure transducer installed off of co-pilot's Pitot
“r tube.
:}-{ 3. Inertial Navigation
L
' 1 Litton LTN=S51 inertial navigation system (borrowed from the National
:-:-_ Center for Atmospheric Research) installed and wired to data system,
o
- 4, Data System
D 1 ARIS 1V data system (borrowed from the National Center for
. Atmospheric Research) installed, Large capacity tape drive rented,.
S 5. Temperature
::j a. 1 Rosemount air total temperature sensor (borrowed from the
<. National Center for Atmospheric Research) installed,
:~:j b. General Eastern dew point temperature system (obtained surplus from
:'.j- USN China Lake and sensor purchased by Code 7784, NRL) installed.
5
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ER ¢. 2 Barnes 14-325 infrared meteorological radiometers (obtained NOAD
"2 surplus from USN China Lake) installed: 1 downward for sea surface LY

temperature, 1 upward for monitoring infrared cloud temperature, <y
o NS
o~ 6. Altitude \:\)
n“ N \..
LN W

1 APN 232 high altitude radar altimeter (borrowed from NAVAIR REWORK,
North Island) installed and interfaced to data system.

"-
o)

e TCh
“ T
a -

N , "

K B. A tower fly-by was conducted with the P3 past the NOAA Boulder :}_;
N Atmospheric Observatory 330M (1000 foot) tower near Boulder, Colorado on PN
- December 12, 1985 in order to determine the static pressure defect as a Lo
5 function of airspeed for the special research static pressure ports on this 32:1

particular P3. The tests went well, and showed negligible airspeed
dependence.

S8 |
|

C. An infrared sea surface temperature system using one of the Barnes
14-325 units was assembled for use in FASINEX on the R/V Knorr.

0 D. A FASINEX aircraft planninig meeting was held at the Research Aviation o
B Facility of thhe National Center (NCAR) for Atmospheric Research in Boulder, L
o CO on December 13, 1985 to plan for the operational aspects of the six noe
" FASINEX research aircraft. With the aid of the Flight Support Detachment at R
:ﬂ: NRL, a safe "rendevous" procedure was developed and passed to all flight ;ij‘
- crews, I:‘

E. Notification was received of the participation of the NCAR election in

~ FASINEX, but with flight hours reduced from the requested 80 hours to S0 due

s to a NCAR problem in obtaining sufficient temporary flight crew for back-to-

o back flights.
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Roland W. Garwood, Jr.
Patrick C. Gallacher

STUDIES OF THE OCEANIC PLANETARY BOUNDARY LAYER

The interaction of planetary rotation with Reynolds
stress was studied for a steady-state mixed layer with no
entrainment. The results demonstrated that the fundamental
properties of the rotation-stress interaction would provide
a limit to deepening at midlatitudes (Garwood et al., JPO,
1985). Furthermore, the limiting depth of mixing predicted
by the model for the tropical Pacific compared favorably
with observations, explaining the very deep mixed layer in
much of the tropical Pacific (Garwood et al., JPO, 1985;
TO-AN, 1985).

Our studies of the interaction of planetary rotation with
Reynolds stress have been extended to the general case,
which includes active entrainment, at midlatitudes with the
beginning of a series of simulations at OS Papa (50N, 145W).
Preliminary results demonstrate the potential for rotation-
stress to replace the ad hoc dissipation enhancement re-
quired in earlier mixed layer models to limit the late win-
ter deepening of temperate mixed layers and to improve the
comparison between the model and the observations (Gallacher
and Garwood, EOS, 1986).

Department of Oceanography
Naval Postgraduate School
Monterey, CA 93943

October 1, 1985 - September 30, 1986
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Silvia L. Garzoli :f
’.‘
BRAZIL/MALVINAS CONFLUENCE: TIME-SPACE VARIATIONS OF THE FRONT N

During November, 1984, a small array of inverted echo sounders have been

deployed in the southwestern Atlantic at the confluence of the currents

from Brazil and Malvinas and recovered in June, 1985 as a pilot experiment *
for a larger array of sounders in the area to monitor the geostrophic

transport of the Brazil Current and to study the time and space variations

of the strong thermohaline front originated at the confluence.

The temporal variation on dynamic height due to local dynamics (i.e. the
presence and duration of a cold intrusion, the migration of the currents)
are inferred from the recorded data. From the dynamic height series, the
geostrophic velocities are calculated, the fluctuations of the current
between stations analyzed and an essinated value of the tramsport
obtained. This last one, (17x10% m>/sec) 1s in good agreement with the
previously calculated from hydrography.

The front oscillates around its mean position with a period of about one
month and mean amplitudes that vary from 10 to S50 km. The velocity of
displacement reaches values up to 10 km/day. An estimate of the wind
speed at the surface is obtained from the ambient noise detectors with an
error of 1.8 m/sec. Interesting differences, at low and high frequencies,
appears between the winds at both locations only 180 km apart.

The simultaneous analysis of ocean and atmospheric records, provides
information on the wave dynamics of the area. The on-shore deployed
sounder detected an atmospherically forced oscillation that can be
interpreted as a Kelvin wave that propagates along the coast with a
wavelength of 5000 km and a period of 21 days. At the off-shore location,
the dominant feature in the synoptic scale band is an oscillation, forced
by the atmosphere at a period centered on 31 days that might have its
source of energy in the tropics.

During the 1985 cruise, three instruments have been deployed at the
original locations to maintain the sites for a total of 16 months to
determine the seasonal signature of the phenomena described above.

Lamont-Doherty Geological Observatory -
of Columbia University : o
Route 9W : N
Palisades, NY 10964 :
(914) 3592900 -

5/1/84 - 9/30/86 e
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Catbherine Gautier
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ATMOSPHERE-OCEAN HEAT EXCHANGES FROM COMBINATIONS
OF SATELLITE MEASUREMENTS

OQur research, during the first year, has mostly been aimed at —
analyging the net surface radiation radiation flux, during MILDEX and i
preparing for the FASINEX project. We had three specific objectives.
First to wvalidate and assess the accuracy of the satellite methods we
have developed to compute the shortwave and longwave radiation by
comparing our estimates with the surface radiation measurements made
during MILDEX. Second, to compute the net radiative flux (shortwave
and longwave) field at the surface, during MILDEX and thirdly, to
analyse the resulting fields in the relation with the other
meteorological and oceanographic measurements. We have found that the
accuracy of the shortwave component is about 12 w/m2, that of the
longwave is about 20 w/m2 (Gautier and Frouin, 1986a, Proceedings of
ESA Conf.) and that the overall accuracy of the net radistion
estimates is about 30 w/m2, on a daily basis. The first fields that we
bhave computed (Gautier and Frouin, 1986b, Proceedings of Radiation
Conf.) appear very reasonable and show the strong modulation of the
radiation by clouds and the significant role played by the longwave
flux on the net flux. We are nowv ready to process the data that will
be collected during FASINEX.

, California Space Institute
! Scripps Institution of Oceanography
5 La Jolla, Ca 92093
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A.E. Gill

Ocean Modelling Newsletter

The newsletter continues to attract more readers
and contributors world-wide. The mailing list now
exceeds 700, and 1985 saw the publication of 5 issues
containing 22 articles, plus sundry announcements.
Issue number 66 was printed in January 1986, and
issues 67 and 68 are in preparation. During 1985
production of the newsletter was transferred to
Oxford following the move of all personnel involved
from Cambridge to Oxford, and a new contract with
Oxford University commenced. The newsletter is
still printed in Cambridge, where substantially
cheaper rates are available along with a mailing
service.

Hooke Institute,
Clarendon Laboratory,
Parks Road,

Oxford.

0X1 3PU

Tel: (0865) - 57488

Contract period:
June 1985 to May 31 1988
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Arnold L. Gordon

SOUTH ATLANTIC OCEANOGRAPHY

The South Atlantic subtropical gyre 1s unique in a number of
jmportant aspects. At its southeastern “"corner” the vigorous
circulation of the Agulhas Current (70 sv transport relative to
1500 m), the western boundary current of the South Indian Ocean,
impinges directly into the more tranquil eastern boundary
upwelling regime of the South Atlantic. Energetic eddies drift
into the South Atlantic from the Agulhas Retroflection and &
branch of the Agulhas Current, at times, directs warm South
Indian Ocean thermocline water (with inclusion of tropical Indian
Ocean water), into the Benguela Current system. Within the
>, Agulhas retroflection 1itself there is intense water mass
modification: the warm thermocline releases great amounts of
heat into the cold atmosphere forming deep isothermal winter
mixed layers, with relatively high salinity; and South Atlantic
“transitional” water masses are swept into the retroflection
along the eastern edges of the Agulhas warm core rings, mixing
with Indian Ocean water. Within the southwestern “cornmer™ the
Brazil Current, an anomalously weak western boundary current,
attains its strongest expression (about 20 sv within the upper
1500 m; 10 sv 1s characteristic further north, suggesting the
existence of a recirculation cell in the SW Atlantic), before
encountering the Malvinas (Falkland) Current. Both currents turn
seaward in a Rossby Wave pattern with many asscciated fronts and
numerous warm and cold core eddies. The interaction of the
‘ Agulhas with the South Atlantic, which introduces heat into the
. Atlantic thermocline, coupled with the weak Brazil Current, may
' be responsible for the northward directed heat flux across 30° s
- in the Atlantic. It is likely this sitution is associated with a

global scale thermohaline circulation cell associated with North

Atlantic Deep Water.

LR D i

L« . Study of these aspects of the South Atlantic are pursued with

arrays of CTD hydrographic and tracer data, satellite tracked

‘ drifters and IR images: KNORR data set from late 1983 in the

. Agulhas Retroflection region and WASHINGTON data set from October
1984 in the Brazil-Malvinas confluence region.

. Lamont-Doherty Geological Observatory
" Palisades, New York 10964
914 359-2900 X325

) 10/01/85 ~ 09/30/86
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Michael C. Gregg
Wayne Nodland

UPPER OCEAN MIXING PROCESSES

The principal objectives are (1) to define the major mechanisms producing
mixing and to parameterize the dissipation rates and diapycnal fluxes (across
density surfaces) in terms of variables that can be measured routinely; (2) to
integrate realistic estimates of mixing into studies of large-scale processes; and
(3) to synthesize information about mixing obtained from numerical simulations
of large-scale processes, from theoretical and observational studies of internal
waves, from laboratory experiments of shear instabilities and stratified tur-
bulence, and from oceanic observations of fine and microstructure.

Defining the mechanisms producing mixing and parameterizing their inten-
sity requires intensive measurements of the centimeter-scale fluctuations and of
the larger-scale finestructure in which they are imbedded. The microstructure
measurements are made with the Advanced Microstructure Profiler (AMP), a
free-fall instrument that is loosely tethered to the ship by a 2-mm-diameter
Kevlar line containing a fiber optic data link. The AMP carries sensors for
velocity and temperature microstructure, as well as for temperature, electrical
cOnductivity, and pressure. The finescale shear field is measured with ship-
board Doppler acoustic profilers, with Expendable Current Profilers (XCPs),
and with the free-fall Multi-Scale Profiler (MSP). The full three-dimensional
environment is determined with CTD tow-yos or by working with investigators
using towed thermistor chains or depth-cycling towed bodies on other ships.

The local measurements are imbedded into studies of large-scale processes
by sampling in the major oceanic regimes, often as part of co-operative experi-
ments with many investigators doing long-term moorings, synoptic surveys, and
satellite imaging. Recent programs have been conducted to study mixing in the
upper thermocline (Gregg et al., JPO, in press), free convection during cold air
outbreaks in the North Atlantic (Shay and Gregg, Nature, 310, 282-285, 1984),
turbulence in the equatorial undercurrent (Gregg et al. Nature, 318, 140-144),
and hydraulics and mixing in the Strait of Gibraltar.

The major aspects of diapycnal mixing in the thermocline were syn-
thesized in a review paper prepared for a recent international symposium and
submitted to JGR for the special issue of papers from the meeting. A more
extensive synthesis is being done to produce a monograph about oceanic mix-
ing in collaboration with Chris Garrett.

Applied Physics Laboratory, University of Washington
1013 N.E. 40th St.

Seattle, WA 98195

206/543-1353 or 1319
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Michael C. Gregg
Thomas B. Sanford

SHEAR AND MIXING: AN EXPERIMENTAL APPROACH

Most mixing in the thermocline is believed to occur when internal wave
shear produces local overturning. The principal objective of this project is to
define how this occurs by making measurements of microstructure, shear, and
density from the same instrument. The Mv"_-3cale Profiler (MSP), developed
to meet these objectives, carries microstructure sensors for velocity, tempera-
ture, and electrical conductivity and finestructure sensors for shear, temperature,
and electrical conductivity. With these the full velocity and density fluctuations
over scales of 1 km to a few centimeters can be profiled. Making all of the
relevant measurements on one instrument has proven necessary because the
scale of most mixing events is smaller than the depth uncertainity when meas-
urements made from separate instruments are compared.

The MSP has been tested at sea and is now fully functional. It was used
in November 1986 in the NSF-funded C-SALT experiment to examine the
extensive salt fingering field east of Barbados. These measurements produced a
major surprise because the viscous dissipation rates were much smaller than
expected, forcing a re-examination of the application of laboratory double
diffusion experiments to the ocean. The prominent layers that identify the salt
fingering field were found be be relatively well mixed in momentum as well as
in heat and salt; most of the shear was concentrated across the interfaces.

The MSP will be a major component of the ONR-funded Patches Experi-
ment (PATCHEX), which will examine the evolution of mixing rates in a
tagged parcel of water, as well as working in the acoustic beams from FLIP.
PATCHEX is scheduled for October 1986 in the eastern North Pacific as a
cooperative experiment with G. Rudd’s group at the Naval Research Labora-
tory, with M. Briscoe and A. Williams IIT at Woods Hole Oceanographic Insti-
tution, and R. Pinkel at the Scripps Institution of Oceanography.

Future work is planned in the Gulf Stream and in the equatorial under-
current, also as cooperative efforts.

Applied Physics Laboratory, University of Washington
1013 N.E. 40th St.

Seattle, WA 98195

206/543-1353 or 1365

1 October 1985 - 30 September 1987
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- EDDY GENERATION MECHANISMS IN . *
i EASTERN BOUNDARY CURRENT REGIONS 1.,rf
RO
This project is to investigate processes responsible for the genera- . ::kiq
tion, evolution and decay of intense synoptic scale variability AR
observed in eastern boundary current regimes, with particular appli- el
cation to the California Current region. It's ultimate goal is to Ted.t
enhance our understanding of eddy generating processes in such — -
W regimes, and to thereby provide a basis for high resolution numerical :
- analysis and prediction in these ocean regions.
: A 10-level primitive equation ocean model with surface layer physics
i has been adapted to include an idealized Mendocino Escarpment and _
* continental slope along a straight meridional coastline. The model e
- is in sigma coordinates (non-dimensional depth) and has open bound- SRR
N aries (radiation condition) on all but the eastern coastal boundary. PENARA
2 We are presently studying the response of idealized flows over the LR
: escarpment for which there are analytic solutions. Model sensitivity P
studies will be made to determine the dependence of the solutions on .;:)i
the parameterization of sub-grid scale processes and on the choice of ..
. boundary conditions on the flow at the bottom, on the slope and at RN
.. the eastern boundary. We expect to study the eddy generation process A
in response to seasonal and “event" type wind relaxations as well as e
a number of different mean flow regimes which have been observed Sy
upstream of the Mendocino Escarpment. The ultimate goal is to ;?“Vf
understand and predict the generation of synoptic scale eddies which R
are being observed south of Cape Menodcino by the OPTOMA program. ;\jij
2 =
X NSRS
2
0y . ._\..‘-..\
: e
s Department of Meteorology D,
; Naval Postgraduate School XS
; Monterey, CA 93943-5000 i
(408) 646-2308 2,
.::\:._\;:
. Contract period: FY86 and 87 B
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Frank S. Henyey

INTERNAL-WAVE NONLINEAR INTERACTIONS BY THE EIKONAL METHOD

We have been exercising a model for the transport of small-scale internal waves. This
mode] is based on ray tracing, and calculations are done by Monte-Carlo methods, since transport
theory methods are inadequate for many aspects of the problem.

‘We used the model to predict the energy dissipation rate, e. We formulated a simple ana-
lytic mode] which, although its a priori justification is weak, agrees fairly well with all features of
our calculated dissipation. Using exg(inentialjmﬁﬁcat{on an_learren-Munk forcing waves, the

Wkg [NN o] cosh “(N/f), and our numerical results

analytic model predicts € = 6.4 x 10
approximately follow this curve.

We are using the model to predict some characteristics of patches of microstructure which
result from internal wave "breaking”. We have found that our model predicts that these patches
form at places where the shear values of the larger scale flows are large, so that the small wave
breaking is catalyzed by larger waves. We are in the process of determining the model’s predic-
tions for the patch geometry.

We are, in collaboration with C. Cox of SIO, putting our code on the Cray supercomputer,
where we will replace the exponential stratification and Garrett-Munk forcing waves with param-
sterizations of actual conditions which have occurred in Cox’s experiments, 50 we can make cal-
culations which can be compared to data in a meaningful way.

Center for Studies of Nonlinear Dynamics
La Jolla Institute

3252 Holiday Court, Suite 208

La Jolia, California 92037

(619) 587-6000
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Nelson G. Hogg

ABYSSAL CIRCULATION OF THE WESTERN NORTH ATLANTIC
and
A COHERENT ARRAY FOR HEBBLE

We are now in our fourth and final year of a program aimed at
gaining a new understanding of the Gulf Stream Recirculation:

What does it look 1ike? and How does it work? The project has
fnvolved both a field program (current meter moorings and hydro-
graphic work), data analysis, simple theory and some numerical
modeling. We have identified a new recirculation gyre to the
north of the Gulf Stream and have been able to define tts geo-
graphical 1imits and transport. A simple theory suggests that it
is nearly potential-vorticity conserving. Assuming also that the
potential vorticity is homogenized, one can calculate the strength
and size of the gyre, quantities that agree well with the observa-
tions. Tracer properties also are homogeneous within the gyre

(in the deep water) to within measurement error.

A simple advective-diffusive numerical model has been used to
study the manner in which tracers can be diffused into the recir-
culation gyre from the Deep Western Boundary Current.

Our attention is now turning to the dynamics of the low frequency
motion field, as revealed by the current meters. We are investi-
gating such problems as radiation from the Gulf Stream and its
relation to the topographic wave field found on the Continental
Rise, and the distribution of eddy flux quantities as an indica-
tion of eddy-mean flow interactions.

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
(617) 548-1400, ext. 2791

January 1, 1986 - December 31, 1986
October 1, 1984 - March 31, 1986
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< -::\::. <
E NUMERICAL STUDIES OF THE GULF STREAM SYSTEM :’::j
Ld
Substantial progress has been made toward developing a hierarchy of models
.:: suitable for prediction and dynamical understanding of the SYNOP region.
~ A limited area, multilevel, quasigeostrophic (QG) model has been formu-
::j lated, including open boundary conditions, and a sequence of calculations
N is underway to examine both dynamical and modeling issues. Calculations
have already shown the important roles of both bottom topography (the New
: England Seamounts and other bottom features) and the eastern boundary
- conditions. This work is quite computer intensive and large resources in
. computer time and manpower are necessary, given the very high resolution
‘: nature of this work.
$' A second model with active thermodynamics, using the primitive equations
» (PE), is under development. Much that is learned in the QG model studies
b above about how to handle open boundary conditions can be transferred to
I the more realistic PE model. This model will be more suitable for initializa-
tion with real data (satellite sea surface temperature and topography) and for
‘. data insertion in a predictive mode. Our intention is to carry out very high
- resolution studies for the region bounded by the North American continent
'.-f on the west and north, by 25°N on the south, and by 40°W on the eastern
- side of the domain.
T q
S Analysis techniques of local energy and vorticity balances are being developed AN
Yy to understand the dynamical process occurring in these models. Various ‘;
vy kinds of initialization and data insertion techniques are being studied and T
4 various methods of treatment of open boundaries of a limited domain are .}:j:::‘,'::
3 being examined. e
- R
A National Center for Atmospheric Research ::.":'_}
= P.O. Box 3000 RN
i Boulder, Colorado 80307 i
N (303)497-1353 !f:;:!
N S
& paSOY)
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William R. Holland
Dale B. Haidvogel

NUMERICAL STUDIES OF THE SOUTH ATLANTIC
AND SOUTH INDIAN OCEANS: BOUNDARY -
CURRENTS AND WATER MASS PROPERTIES

A two prong modeling effort is continuing beyond the initial development of
models of the South Atlantic region. The long-term scientific goals of these
modeling efforts include: (1) an assessment of the distribution, generating
mechanisms, and role of mesoscale eddies and an examination of the novel
features of the western boundary currents (Agulhas and Brazil Currents); and
(2) a study of water mass formation/conversion processes in this region.

Rapid progress has been made on these projects. Eddy-resolving models of
the Agulhas and Brazil/Felklands regions have been constructed and numer-
ical studies are underway to understand the origin of mesoscale eddy features
in these regions. The important eddy/mean flow interactions are the primary
focus of this work.

For the water mass formation problem, we have developed and tested a coarse
resolution primitive equation (PE) model of the South Atlantic Ocean, includ-
ing adjacent regions of the South Indian Ocean and Circumpolar Current.
Model spin up at this resolution has been completed and the horizontal reso-
lution of the model refined to a two degree grid spacing. A variety of numerical
experiments are underway to examine the penetration of influence into the
ocean interior after an abrupt change in forcing. Passive tracer intrusions will
be a key diagnostic in understanding the basin scale processes.

National Center for Atmospheric Research
P.O. Box 3000

Boulder, Colorado 80307

(303)497-1353

1 February 1985-31 December 1985
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Greg Holloway

DYNAMICS OF SMALL SCALE VARIABILITY

Disequilibrium, strong interaction statistical dynamics theory is tested
for quantitative skill by comparison with direct numerical simulation of
internal wave breaking and turbulence. Earth's rotation is included and
different flow regimes as characterized by turbulent Froude number are
examined. Distributions of kinetic and potential energies in wavenumber
and frequency are obtained. Energy transfers and the cospectrum of
vertical buoyancy flux are obtained. Numerical experimentation is
further pursued to examine the relation of occurrences of sites of

intense dissipation with respect to large scale flow features. Field
and laboratory comparisons are made.

Institute of Ocean Sciences
Sidney, B.C. Canada V8L 4B2
(606) 656-8264

86/04/01 - 87/03/31
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T. M. Joyce

KUROSHIO EXTENSION AND NORTH PACIFIC CTD STUDIES

Two pairs of deep CTD/0; sections were made at 165°E and 175°W in
1983 and 1984 between nominal latitudes of 28°N and 43°N across the
Kuroshio Extension. Data have been processed for all sections and
a manuscript prepared for the 1983 data. MW are currently

modi fying the paper to include results from 1984 as well. MWhile
some differences in the hydrographic characteristics in the two
occupations were observed (wider Kuroshio & Oyashio jets at 165°E
in the second year), the overall character fs quite similar. Total
baroclinic transport in the Kuroshio jet at 165°E is 54 + 2 Su. At
175°W the jet-like flow of the Kuroshio and Oyashio at 165°E is no
longer present. Baroclinic transport at 175°W is dominated by
eddies with scales of 150-200 km.

Abyssal water mass characteristics were investigated using these
data together with other recent CTD stations in the sub-Arctic
Pacific Ocean. Large-scale changes in the near-bottom potential
temperatures , but not salinities, were observed in the deepest
kilometer of water in the region. Variations of .05°C were
observed at 47°N with the warmest water in the northeast.
Meridional variations of .04°C displayed more structure with lowest
temperatures in the sub-tropical gyre and to the south of the
Aleutians with an intermediate maximum. These large-scale
variations are consistent with geothermal heating through the
abyssal sediments. A bottom heat flux of 50mWm< is capable of
changing the potential temperature in a kilometer-thick layer
.04°C/100 years. Thus potential temperature is a non-conservative
indication of geothermal heating in the abyssal North Paci fic.

Larger heat fluxes from more active geothermal regions can alter
the deep flow and create westward-tending B-plumes. Earlier work
of Stommel has been extended to aliow for B-plumes in the presence
of a background abyssal circulation. An important ratio for the
solution is that of the background eastward current and the phase
speed of long baroclinic Rossby waves. Because vertical modes have
di fferent phase speeds, the background circulation can cause
significant modal dispersion of the B-plume.

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts, 02543
(617) 548,1400, Ext. 2530

Contract Period: 1 Oct 1984 - 30 Sept 1987
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Timothy W. Kao
Gulf Stream Front Modelling

The Gulf Stream current structure is associated with
the quasi-permanent density front in the Western North
Atlantic. The lighter mass of warmer but saltier water of
the Sargasso Sea is separated from the slope water by
inclined isopycnals which form the front. Recent satellite
altimeter measurements have also revealed a well-defined
sea-surface height change across the front. In this work, a
model of the Gulf Stream cross-sectional density and current
structures is constructed, using the complete dynamical and
mass-conservation equations. The model postulates a forcing
by an ageostrophic inflow of light water from the Sargasso
Sea in the upper ocean and a return flow at greater depths.
The Gulf Stream 1is found to develop after initial
geostrophic adjustment of several inertial periods.

The results are compared with representative field data
from (i) the Gulf Stream '60 experiment, (ii) the SEASAT
altimeter experiment, and (iii) the recent Gulf Stream
current measurements by the University of Rhode Island group
using the Pegasus current profiler. Quantitative agreement
between the model results and the field data is found. The
use of the model as a diagnostic tool in conjunction with
remote sensing is indicated.

P.I. Institution: The Catholic University of America
Address: Department of Civil Engineering,
The Catholic University of America,
Washington, D.C. 20064
Telephone: (202) 635-5163

Aug. 1, 1985 - July 31, 1986

- o - R T A AT A S S RN R
R A A A P A A A A A R . A I T Py L St L A S

!

[T T e TR T

i AL

.f"i'.‘-‘ l":’" A
. Py

P4
AL 4

.
P IR

)i

L ‘l ')
e

LA
>

e
AT IR

o'

W

/¢ f.;t‘l f‘:’ i

UV s

Y oY 4

e T e
AP

b ST
1200

-'-'1' ' ,'l/""
S



Kristina B. Katsaros

FASINEX EQUIPMENT

In the Frontal Air Sea Interation Experiment taking place in
February 1986 off Bermuda one of the goals is to measure effects
of a sea surface temperature front on the atmospheric boundary
layer structure. Our contribution to this goal is to measure
shortwave and longwave irradiances on two ships stationed on
either side of the front. Since we needed two complete stations
and would not be able to participate in the cruises due to limited
space, we had to prepare two radiation stations with self-contained
recording units. We also wished to test 8 result of J. E. DevVault
and K. B. Katsaros (J. Atmos. Sci., 1983) that the ratio of the
transmittance in two broad solar bands (blue-green and near
infrared) depends on the liquid water content of the cloud. For
this purpose we acquired two pyranometers with RG 635 Schott
filters and two programmable data loggers with cassette recorders.
Time series of the net radiative heat budget at the sea surface
will be produced for the two stations from the irradiance measure-
ments and by calculating shortwave and longwave exitances using

albedo (after Payne, J. Atmos. Sci., 1979) and the Stefan-Boltzmann g7~?.
formula, respectively. The equipment was acquired and installed R
on the R/V QOceanus and R/V Endeavor during the first weeks of ijj
February 1986. NN
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Department of Atmospheric Sciences

University of Washington AK-40

Seattle, WA 98185 :
(206) 543-1203
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Thomas Keffer

STUDIES ON THE CIRCULATION OF THE
NORTH PACIFIC SUBTROPICAL GYRE

This program looks at the mean and time-dependent motions and
temperature varlability of the eastern subtropical North Pacific,
using data from two moorings deployed in July, 1982, along
152°H. This is a two year program, now at the start of its
second year. The intention is to gain an understanding of what
causes the temperature and velocity variability in this section
of the world ocean. This area is particularly interesting be-
cause of its remoteness from the eddy generating regions along
the western boundaries (in this case, the Kuroshio). In the
absence of this eddy "noise", clear signals from wavelike fea-
tures (barotropic and baroclinic Rossby waves) can be extracted,
making the results generalizable to the rest of the world ocean.

Three years of data will be collected. Two are now in hand and
the third by late winter. We are now in the process of analyzing
the time-dependent temperature and vorticity balances. The first
year of data shows a pronounced cooling throughout the thermo-
cline during mid-winter. It is important to note that this cool-
ing is not the result of direct atmospheric forcing that can be
expected at shallower (<200 m) depths. Rather, it is a seasonal
event and the result of two effects: (1) a rising of the thermo-
cline due to the onset of Ekman suction during winter (Ekman pump-
ing prevails during the rest of the year) and (2) a southward
movement of the water column, advecting in cooler water from the
north. In short, this area became more "subpolar" during the
winter of 82-83.

Schoo!l of Oceanography
University of Washington
Seattle, WA 98125

(206) 543-6455

Contract Period:
October 1, 1984 - September 30, 1986
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A. D. Kirwan

Identification of Causes and Effects of Mesoscale Variability

The long-term goal of this research is to identify the mechanisms
by which mesoscale ocean motions transfer energy between larger
and smaller scales. Recent emphasis is on deducing mesoscale
kinematic characteristics from Lagrangian data from several data
sets utilizing a parametric model developed by Kirwan (Tellus,
36A(2), 211-215, 1984) and tested by Kirwan et al. (JGR, 89(C3),
3425-3438, 1984). This model decomposes the drifter velocities
into large and mesoscale components. Then through an inversion
technique mesoscale spatial kinematic characteristics are
inferred. For example, for a drifter trapped in an eddy the
analysis provides a time series of the movement of the eddy center
while also accounting for distortion of the eddy and any
horizontal divergence, if present.

The model has been applied to drifter data from the North Pacific.
The mesoscale characteristics as inferred from the drifter data
are being compared with concurrent hydrographic data. Preliminary
results indicate that Rossby waves of period of the order of one
month regularly propagate across the eastern Pacific.

As part of the Southern Oceans Studies Special Focus Program,
analysis of mesoscale and large scale variability is being
conducted in collaboration with the University of Miami group. A
detailed comparison is being made between drifter data, satellite
imagery and XBT data for several South Atlantic eddies off the
Capetown. A consistent picture of the vorticity and horizontal
velocity shears within these structures is emerging from these
studies.

Recently we have compared the kinematics of two large anticyclonic
rings in the Gulf of Mexico with simulated drifter data from the
Hurlburt-Thompson general circulation model. Kinematic
characteristics of the simulated data are remarkably similar to
that calculated from the observations.

Department of Marine Science
University of South Florida
140 7th Ave. S.

St. Petersburg, FL 33701
(813) 893-9130

1 May 1986 - 30 Sept. 1988
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A John M. Klinck

4 MODELLING OF THE CIRCULATION IN A CANYON/SHELF SYSTEM

&

e The objective of this study is to understand how a geostrophic

. current interacts with a narrow, transverse canyon. The starting point
for this study was an observation of a seasonal eddy in the Juan de Fuca

. strait that appeared over a narrow canyon. From a more general point of

o view, we wish to study the effect of narrow canyons on overlying

2 geostrophic flow and how canyons might act as efficient conduits for

o water,

o

.l
2ls

These dynamics are being considered with a numerical model and with .
simple analytical models. The analytical models are used to understand
-, the important parameters and the dynamics, while the numerical model is
used to solve for situations with complicated canyon topographies.

To date, the analytical models have considered an unstratified
fluid, having a cosine spatial dependence flowing over a straight
canyon. If the canyon is narrow and extends completely across the flow
domain, then the steady solution is a flat surface over the canyon, and
.- no flow across the canyon. If the canyon, however has an end then the

- steady solution is that the free surface over the canyon is flat and the
- geostrophic flow distorts to flow around the canyon.
Analytical solutions show that the flow in the canyon responds quite

- rapidly, within a few hours, to changes in the overlying geostrophic

- flow. If the canyon is narrower than the radius of deformation by a

- factor of ,88, then the cross-canyon flow, and hence the coriolis

- effects in the canyon, are negligible. That is the canyon obeys

hydraulic and not geostrophic dynamics. Under these circumstances, the

- canyon pumps water in an attempt to level the free surface.

i We have just obtained current meter records from Wunsch for the

% Hudson Canyon study to confirm some ideas on the nature of the

- ) circulation in a canyon. In particular, we are interested in the strong

=~ inertial oscillations that appear in the analytical and numerical

- solutions. We have inquired from two other sources for similar current =
- A meter data in and around canyons. -

3

. John M, Klinck David C. Smith, IV s

-~ Department of Oceanography Department of Oceanography o
X Texas A&M University Naval Postgraduate School Nl
> College Station, TX 77843 Monterey, CA 93943 RO
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Eric B. Kraus
Howard P. Hanson

Dynamical Forcing of the Ocean
by
Transient Air-Sea Interaction Processes

Summary

This project concerns the role of ocean-atmosphere exchange processes in
forcing the general circulation of the oceans, particularly those processes that
exhibit spatial and temporal dependence. The research involves modeling studies
pertaining to formation and dissipation of ocean fronts in the subtropical Atlan-
tic that are the subject of the forthcoming Frontal Air-Sea Interaction Experi-
ment (FASINEX). The modeling will be conducted using a hybrid model
recently developed by the P.1’s in collaboration with Prof. R. Bleck (Univ. of
Miami). Bleck’s isopycnal ocean model (e.g., Bleck and Boudra, 1981 J. Phys.
Oceanogr.) has been combined with a thermodynamically-active ocean-surface
mixed layer model, which now replaces the parameterization of "surface"
processes in the original isopycnal model. The annual cycle of an idealized mid-
latitude ocean basin in response to imposed wind and thermal forcing has been
simulated. These results will be fine-tuned, using an actual wind and tempera-
ture climatology for the Atlantic, and used as boundary conditions for a fine-
resolution version of the model to be forced by wind and thermal fields observed
during the FASINEX field phase (Feburary, 1986). The sensitivity of the
processes of frontogenesis and frontolysis in the model to variations in the forcing
will be investigated.

Eric B. Kraus
1820 Lehigh St.
Boulder, CO 80303

(303) 499-5733

Contract Period: 1 February 1986 - 31 January 1987
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W.G. Large
FASINEX WIND STRESS
. A remote instrument package has been developed with NASA sponsorship, to

measure surface wind stress from ships and buoys during the Frontal Air-Sea
Interaction Experiment. Twenty minute averages of wind speed and stress

are completed using the inertial dissipation technique and both transmitted TN
to Service Argos satellite receivers and stored in local memory. At the heart N \5
of the stress computations is digital filtering with sixth order butterworth AT

band-pass filters. Parallel processing is employed so that the mean wind b
speed, U, can be used to keep the filters stationary in natural frequency space, -
n=fz/U, where ‘f’ is frequency, and ‘z’ is the measurement height. Three

filters span the ranges in ‘n’ of 0.25-0.50, 0.50-0.75, and 0.75-1.0 and since

all these ranges are entirely within the inertial subrange, three independent

stress estimates are obtained every twenty minutes. Since robust propellor .
wind sensors can be used the package is suitable for unattended operation.

AAARCTs iSRS K Poy

o
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With ONR support, Sea Data Corporation has produced new versions of
their WOTAN (Weather Observations Through Ambient Noise) instruments,
which measure subsurface acoustic noise in 12 frequency bands between 2 and
25 kHz. One such unit has been installed at 150 meters depth below one of
the FASINEX moorings. In collaboration with David Farmer, an identical
unit will be deployed from R/V Endeavor in a rapid sampling mode. It will
be suspended along with an inverted echo sounder and video camera, below a
free drifting buoy for up to 8 hours. Here the role of wave breaking in sound
production will be studied.

>
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During FASINEX wind stress will also be measured by Ken Davidson and
an excellent wind velocity field will be measured at the five surface moor-
ings. In addition, microwave backscatter measurements (scatterometry) will
be made from aircraft from NASA and the Naval Research Laboratory. Both
scatterometry and WOTAN provide remote indirect estimates of the wind,
which may be more closely related to the stress than to the velocity and the
FASINEX data set will be used to investigate this question.

National Center for Atmospheric Research
P.O. Box 3000

Boulider, Colorado 80307

: (303)497-1364

10 October 1984-31 September 1986
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Kevin D. Leaman

RECIRCULATION AND GULF STREAM DEVELOPMENT
NORTH OF THE BAHAMAS

Results of three intensive, multi-year observational efforts in
the Gulf Stream have been examined. The first two efforts were
carried out by this principal investigator as part of the
NOAA-funded STACS (Subtropical Atlantic Climate Study) program at
27°N and the DOI-funded FACTS (Florida Atlantic Coast Transport
Study) program at 29°N. The third effort was carried out with
ONR support by Dr. T. Rossby of the University of Rhode Island in
the Gulf Stream off Cape Hatteras. In each experiment, CTD
(conductivity-temperature-depth) instruments and ocean absolute
horizontal current profilers (PEGASUS) were used to obtain
repeated cross-sections of hydrographic properties (temperature,
salinity, etc.) and absolute currents in the Gulf Stream. Results
obtained by this principal investigator and Dr. Rossby are of
sufficient. interest that we are now preparing a joint paper for
submission. For example, although the absolute Gulf Stream
tra%gpqgt increases by a factor of three (from 30 x 1 m3/s to 90
x 10°m°/s) from 27°N to Cape Hatteras, many of the properties of
the internal structure of the Gulf Stream (such as the northward
perturbation temperature flux) are remarkably similar at these two
latitudes.

University of Miami

Rosenstiel School of Marine & Atmospheric Science
Division of Meteorology & Physical Oceanography
4600 Rickenbacker Causeway

Miami, Florida 33149-1098

(305) 361-4058

Contract Period 10/01/84 - 09/30/86
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Edward R. Levine

STUDIES OF FRONTAL MIXING IN THE GULF STREAM

The objectives of this research are to determine the dominent scales
of water mass exchange and mixing along the Gulf Stream frontal
boundary.to estimate fluxes of heat, salt, and tracers across the
dynamical front,and to consider the relationship of these finescale
processes to small scale mixing models and mesoscale motions. The
approach is structured around the unique survey capabilities of the
isopycnal Swallow floats(ISF),the instrumented SeaSoar (CTD/0,),and

the XCP current profiler. Following our development of the instrument
(Rossby, Levine,and Connors, Prog. Ocean., 1985), deployment of the
ISF has shown it to approximate three-dimensional water parcel
motion and enable us to study of Gulf Stream kinematics along an

isopycnal trajectory (Levine, Connors, Cornillon, and Rossby, JPO, 1986).

Subsequently, a preliminary study of the entrainment of Shelf/Siope
water just east of Cape Hatteras was conducted (Levine, Connors, and
Cornillon, DSR, 1986, in prep. ).

In Sept -Oct 1985 a major frontal mixing study of three regions
along the Gulf Stream edge was completed. The primary sampling
technique was the statistical/spectral method, horizontal transects
with a sampling rate consistent with the scale of the phenomena. In
this survey mode, ISF's defined the evolving structure of the event.
Study regions included the upwelling region associated with the
Charleston Bump, the entrainment region just east of Cape Hatteras,
and the shingling region east of Cape Hatteras. Currently, analysis is
proceeding , as well as a followup entrainment study.

Naval Underwater Systems Center
Code 3632, Newport R.1.
401 - 8414772

1/1/86 - 31/12/86
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ARCTIC INTERNAL WAVES NN

X S
. AR
Time series of temperature and conductivity were obtained o

as part of the Arctic Internal Wave Experiment (AIWEX) which was . DAY

conducted about 350 km north of Prudhoe Bay, Alaska, during st ata

March and April 1985. The main purpose of this project was to F-.xﬁ

determine the spectrum of vertical displacement assoclated with vi'iﬁ

) the internal wave field. Historical evidence has suggested that ;::ui
3 the internal waves in the Arctic may be significantly different y:fﬁ¥
. from the "universal" description of the Garrett-Munk model B
) (Levine, Paulson, and Morison, JPO, 1985). -

it W

A total of 13 temperature and 5 conductivity sensors were 2
deployed spanning depths from 80 to 500 m and horizontal separa- -
\ tions from 150 to 1000 m. Data were recorded every minute for o
5 35 days. o
Preliminary results indicate that the Arctic internal wave E,grq
! spectra are strikingly different from lower-latitude observa- '.:.rbr';j
tions: A
'-.‘)V;\"
AN
+ the internal wave energy is significantly lower, and hﬂt;b
CoY
* the spectral slope is substantially less steep, with a “_'f

(frequency)~! dependence.

Further analysis exploring the time dependence and coher-
ence structure of the wave field is continuing.

A8 a8

k Oregon State University
College of Oceanography
Corvallis, Oregon 97331
(503)754-3047

1 November 1985 - 21 October 1986
(Combined UPPER OCEAN/ARCTIC INTERNAL WAVES)
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Ocean Turbulence
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The long range goal of ocean turbulence research is to ;ﬁi}l

determine the role of turbulence and other microstructure in the R

circulation of the ocean and in the vertical flux of momentunm, URAGEN

: heat and salt. The rate of diasaipation of turbulent kinetic b .
energy will be eatimated from vertical profiles wmade in the -

California current asystem during the 1982 DOLPHIN

cruise and
profiles collected during the MILDEX (Mixed

Layer Dynarics)

Experiment. Data from the DOLPHIN trip will be uaed to compare ;ﬂ?b
the horizontal and vertical asignatures of microatructure and to f?fv
examine mixing at the boundaries of intruasiona. Time aeries at |
fisxed locationa always show one or more layera that renmain o
turbulent for up to 24 hours. The data will be uaed to exanmine LT
the temporal variability of turbulent layers. The DOLPHIN date ﬁ'

is being analyzed with Dr. VYamazaki. The MILDEX data epena the
rising edge of & storm and will be used to atudy the response of
the mixing layer, to make a mixing layer budget, and to exarine e
the delayed growth of turbulence in the thermocline. We will SRS
alaso participate in the analyeis of sor of the data taken with .
the USS DOLPHIN during the cruisea in April and Fall of 1984.
Our effort will concentrate on the nmixing layer-thermocline
interface measurenments. We will also continue development work
on the air-foil probe including an examination of the usefulneas
of the newly developed piezo-electric filma.

*a
s %o

R S

)

0
Y

I
PN

Naval Postgraduate School 0N
Monterey, Ca., 93943 ﬁiﬂ
(408) 646-3238 .:::
bor

l. "\

o)

wen

81 N

i A

., WA

- PRI YA IS SRTI IP \.\_."'. A B
IO NN AN AL AR (D B ALY



JOHN L. LUMLEY

MODELING OCEAN TURBULENCE

Use of computational modeling, experimental data, and theoretic-

al analysis to characterize, parameterize
(in water and air) of latent and sensible
momentum and the interdependence of these

interaction, wave-turbulence interaction,

and model near-surface fluxes
heat, salt, gases, droplets and
fluxes, as well as wind-wave

and the dynamical effect of all

these on the turbulent transport. A number of recent papers have appear-

ed, e.g.: Kitaigorodskii, JPO 1983, 1984a, b; Kitaigurodskii & Lumley, JPO

1983; Kitaigorodskii, Donelan, Lumley & Terray, JPO 1983; Lumley & Terray,

JPO 1983.

Cornell University
238 Upson Hall
Ithaca, NY 14853
(607) 256-40150

7/1/82 - 6/30/84
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James R. Luyten
EXPLORATION OF THE AGULHAS RETROFLEXION

The Agulhas Current system is the western boundary current for

the gyre of the south Indian Ocean, flowing poleward along the
coast of southern Africa. This current, together with its asso-
ciated recirculation and eddy field, is the most energetic feature
in the southern hemisphere both in terms of its air-sea interac-
tion and mesoscale variability. Nearly all that is known about
the Agulhas has come from the analyses of hydrographic and CTD
observations and sateilite imagery. While this is a rich and
varied set of data for interpretation and speculation, there are
few direct observations of the current field per se.

To explore this current system, particularly the region where the
Agulhas has separated from the coast and turns eastward again--the
Retroflexion, we deployed a long-term large scale mooring array.
The array consists of 10 moorings, deployed for two years, with
current meters at 200, 750, 1500 and 4000 meters depth. The moor-
ings extend from the region where the current separates from the
continental shelf to the southwestern end of the Retroflexion
region. The moorings are scheduled for recovery in early 1987.

On the deployment cruise in early 1985, a detailed quasi-synoptic
survey of the path of the Agulhas was obtained with XBTs. In con-
junction with J. Toole at WHOI a large scale CTD survey of the
region was carried out. Surface drogued buoys were deployed both
in the current and in several Agulhas rings in collaboration with
D. Olson (Miami). These observations are currently being analyzed
and will be integrated with the moored data and satellite imagery

* (Luyten/Chase).

Theoretical work on the nature of combined wind and buoyancy
forced circulations in simple gyre-scale analytical models is con-
tinuing with Henry Stommel. The models are being extended to in-
clude the effects of relative vorticity, and it is hoped that they
can be applied to the Agulhas current system to explore the Retro-
flexion process.

wNoods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
(617) 548-1400, ext. 2541

January 1, 1986 - December 31, 1986
January 1, 1987 - December 31, 1987
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James R. Luyten & Robert R. P. Chase
ANALYSIS OF SATELLITE IMAGERY FROM THE AGULHAS RETROFLEXION

Much of the historical information of the structure of the Agulhas
current, 1ts path and variability has come from analyses of the
satellite imagery. The formation of the large rings within ‘the
Retroflexion region, and the speculation that the progression to
the west of the retroflexion itself until ring formation has been
based almost entirely upon the satellite imagery.

The recent work by Gordon (LDGO), Toole (WHOI), Oison (Miami) and
the moored work by Luyten provide a much larger data set of direct
observations of the Agulhas current system which needs to be inte-
grated with the historical data. The contemporaneous satellite
imagery, particularly the NOAA-7 AVHRR data, can provide a connec-
tion between recent data and the historical observations.

The AVHRR images have been recorded by the Remote Sensing Center
in Pretoria, transferred to the Remote Sensing Vax Processor in
Hoods Hole for analysis. The images have been navigated and reg-
istered, and the analysis of the kinematics of the surface temper-
ature field has begqun. Detailed comparisons with the other avail-
able observations will be made as the data become available.

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
(617) 548-1400, ext. 2541 (JRL), ext. 2759 (RRPC)

January 1, 1986 - December 31, 1986
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Lorenz Magaard

ANALYTICAL MODELING OF LOW-FREQUENCY
PROCESSES IN THE NORTH PACIFIC

The objective of this program is to study low-
frequency processes at the surface and in the interior
on the midlatitude North Pacific based on long oceanic
and computer-simulated temperature (or geostrophic
stream function) records.

TRANSPAC DATA: In our work on these data we had
shown that the fluctuations in the western half of the
North Pacific (contrary to those in the eastern hailf)
are not dominated by neutrally stable Rossby waves,
Our investigation to what extent the regional varia-
bility of the statistical characteristics of the
observed fluctuations can be explained in terms of
local baroclinic instability or radiating instability
of the nonzonal mean flow is still going on.

The other oceanic data studied under this program
are the long time series of isopycnal displacements
at OWS P and along Line P. We have shown that the
flucatuations in the 3 to 8 year period range are
dominated by first shear mode baroclinic Rossby waves.
In the western half of Line P (towards OWS P) waves
with periods from 6 to 8 years dominate. 1In the
eastern half (towards the coast) shorter period (3 to
6 years) waves prevail. Preliminary studies of the
generation of these waves show evidence that they are
not generated by local or coastal wind flucuations.

Besides our studies on oceanic data we are working
on two computer-simulated data sets from a region
simulating a portion of the MODE area (obtained from
Dr. Robinson, Harvard) and from the North Pacific
obtained from Dr. Haney, NPS). We are analyzing these
data with respect to Rossby waves with the idea to
learn about their generation and predictability. We are
presently concentrating on the Haney~data which are
more suitable to study wave generation. First results
indicate significant differences between Rossby wave
features in the real ocean and the Haney-model. It is ADADA
too early to draw general conclusions. The Robinson- NN

e A A s B IR
B R N AR SR

A
data are suitable to study the predictability of Rossby ﬁ:ﬁi
waves. Our studies on these data have just begun. e

.'\:r:'
University of Hawaii T g

Department of QOceanography

and Hawaii Institute of Geophysics
Honolulu, Hawaii 96822

Telephone (808) 948-7653 and 7509
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Tony Maxworthy
Frederick Browand

TURBULENCE IN ROTATING AND/OR
STRATIFIED FLUIDS

Overall Scientific Objectives: To wnderstand through laboratory
experdments, theoretical analyses, and comparison with field data,
the processes by which turbulence in the world's oceans is gener-
ated, evolves and decays.

Methodology: Laboratery studles are judiciously chosen to illus-
trate fundamental processes. Efforts are made to relate the re-
sults of laboratory studies to the ocean enviromment.

Recent Results: Experiments with towed grids and oscillating grids
have explored the structure of a turbulent front in a stratified
fluld., Stratification begins to affect turbulence structure at a
non—-dimensional time Nt = 2.0. (Time t is measured from initiation
of motion, and N-1 is the intrinsic fluid oscillation frequency.)
Vertical scales in the turbulence are limited by the Osmidov scale,
and the front evolves into a series of intrusicns for Nt > 10. By
Nt = 30, most of the energy is concentrated in these intrusions,
which in planform, resemble pancake eddies. Eddies lying in dif-
ferent horizontal planes are only weakly coupled (possibly by in-
termal waves), but those lying in the same horizontal plane even-
tually amalgamate to form larger eddies. Eddy behavior is primar-
i1ly inviscid, and should be observable at oceanic scales. The
relationship between laboratory results and quasi-2D oceanic eddy
flelds is presently being explored in detail. Our laboratory
studies have shown that evolving fronts have a fractal dimension.
The same technique applied to a sequerce of satellite images of
upwelling along the Califormia coast results in a dimension of 1.4.

The relationship between fractal dimension and frontal dynamics is
not yet understood.

Related laboratory observations have shown rotation to drama-
tically decrease turbulent mixing and entralnment across a density
interface. Rossby numbers in the experiments lie in the range of
1l - .2. The reduction in mixing is thought to be a result of the
generation of inertial waves at the interface. These waves extract
energy which would otherwise be available for turbulent mixing, and
provide a possible explanation for the longevity of mesoscale
oceanic eddies which often have lifetimes measured in years.

University of Southem Califomia
University Park
Los Angeles, California 90085-0192

Contract Period: 12/01/85 - 11/30/86




: R
| »._“{-,\
. E;_::.
r M. S. McCartney R

» :_::-.‘

\ S

) GENERAL CIRCULATION AND FORMATION OF WATER MASSES “ale
- IN THE ATLANTIC OCEAN A

g oW
j The objective of this project is to increase our knowledge and 3R§:
"¢ understanding of the general circulation of the Atlantic Ocean. A N
3 main focus has been on the influence of subpolar deep convection NS
< on the water masses of the thermocline and the deep water. The Zf@?

tools used are traditional hydrographic ones: core layer and iso- TR

” pycnal analyses and dynamic computation of velocity fields. An e

" additional powerful new tool is pycnostadal analysis: the use of NS
3 potential vorticity distributions to infer sources and circula- S

" tions of water masses. Studies completed during the contract R

¢ period are: (1) the influence of convection west of Ireland on NS

- the thermocline of the North Atlantic subtropical gyre; (2) the T

- abyssal circulation of the eastern North Atlantic Ocean; (3) a SN

. Targe deep western boundary current of the tropical North Atlan- e

tic. The main effort during the remainder of the contract period A

will be on three inter-related studies: (4) the deep western

, boundary current of the tropical North Atlantic; (5) the trans-

r posed Antarctic Bottom HWater of the western North Atlantic;
(6) geostrophy in the abyss of the equatorial Atlantic.

<
L3
»!

b Ry

Y A set of four lines of CTD stations off the coasts of Brazil and j:$:

i Uruguay was collected in late 1984, at the beginning of the cur- AT

< rent contract period. Calibration and editing of these data are ol
complete, and analysis is underway. The initial studies involve

; comparisons of the baroclinic field of the Brazil Current and its T

'3 recirculation to the Gulf Stream system, with the goal being a o
$ more quantitative characterization of their differences than the el
3 old idea of a "big" Guif Stream and a "small" Brazil Current. DR
)] This will be accomplished by examining the transport field as a NS
‘ function of depth, density (water mass) and down stream coordin- -

- ate. A related comparison of the subpolar boundary currents e
S (Falkland and Labrador) and their influence on their neighboring a
:j subtropical gyres will be made. T

' Woods Hole Oceanographic Institution )

- Noods Hole, Massachusetts 02543 RN
- (617) 548-1400, ext. 2797 NN
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o} October 1, 1984 - September 30, 1986 ﬁ;ﬁ~
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J.P. McCreary and P.K. Kundu

CIRCULATION ALONG OCEAN BOUNDARIES

5%

Rk
RN

We are presently involved in two studies of coastal circula-
tion that are nearing completion. The first one i8 a study of
the circulation at an eastern boundary driven by a poleward
increase of near-surface denmsity. The resulting sea level slopes
downward toward the pole in the ocean interior, and there is an
assoclated eastward geostrophic current. This interior current
forces downwelling at an eastern boundary, and generates both a
poleward surface current and an equatorward undercurrent. For :
realistic cholces of model parameters the coastal circulation is
as strong as, and opposite 1n directiom to, that caused by a
typical equatorward wind stress. Our solutions compare remark-
ably well with observations of the Leeuwin Current off the west
coast of Australia, suggesting that it is forced by surface
density gradient. This work is in press in the Journal of Marine
Research. —
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The second problem that we are working on the circulation
forced by an inflow of water through an eastern ocean boundary.
Without vertical mixing the inflow continues across the ocean.
With vertical mixing, however, part of it bends poleward to
generate a coastal undercurrent. Solutions suggest that the
southward bending of the throughflow from the Pacific into the
Indian Ocean may contribute to the Leeuwin Current off western
Australia, but that it is not the dominant mechanism for driving
the circulation there.

Oceanographic Center
Nova University

8000 N. Ocean Drive
Dania, FL 33004
(305)475-7487

Contract Period: Nov. 1, 1984 - Oct. 31, 1985.
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Robert N. Miller

Numerical Modeling of Synoptic Scale Ocean Dynamics

The principal objective of this work is the efficient
implementation of statistically optimal data assimilation
schemes, 1.e, methods for the combination of observed data with
model output, and theoretical questions which arise in this
context. Current emphasis is on the application of the Ralman
filter to realistic models for use with real ocean data. The
Kalman filter is a data assimilation method which has been widely
used in a variety of engineering problems. Its desirable
features are optimality in the least squares sense for a broad
class of systems and the ability to assimilate data of varying
types, distributions and error characteristics. A pilot study
using the Kalman filter with a simplified model and synthetic
data has been completed (Miller, JPO, 1986) with encouraging
results.

Theoretical work on the consequences of imposing computational
boundaries on model regions where no physical boundaries exist
("open-ocean simulations”) is nearing completion. The nature of
the irregularities which can arise at points where the flow is
tangent to the model region is now understood, at least
qualitatively, and computer simulations are being carried out.

Lamont~Doherty Geological Observatory
Palisades, NY 1096
914-359-2900
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CHRISTOPHER N.K. MOOERS o
oy
OPTOMA (OCEAN PREDICTION THROUGH OBSERVATION, MODELING, e
AND ANALYSIS) PROGRAM ~'_I-{j
OPTOMA, & joint NPS/Harvard program with participation by OSU, is ) e
teking the initial steps in real-time, four-dimensional data assimilation
for the description and prediction of synoptic/mesoscale variability in N
open ocean domains. The goals are (1) to determine the scientific limits : NS
of practical, open ocean mesoscale forecasting, and (2) to advance our N
understanding of the mesoscale kinematics, dynamics, and energetics in e
the California Current System (CCS). Over the past four years, quasi-synoptic R
surveys and ocean prediction experiments have been conducted in a 200 —
x 200 km domain (called NOCAL) centered about 200 km offshore from Point o
Arena (N, California) in the CCS. The basic scheme for 4-D data assimilation, e
called the Ocean Descriptive/Predictive System (ODPS), is based on an e
observing system plus statistical (objective analysis (OA)) and dynamical -
(quasi-geostrophic (QG)) models. ok
The kinematical description of the CCS has been updated (Mooers and s
Robinson, SCIENCE, 1984 and Rienecker, et al., JGR, 1985). A new understanding o
of the CCS as a system of meandering turbulent jets, often close-packed
cyclonic and anticyclonic synoptic/mesoscale eddies, and nearsurface thermal
anomalies and fronts has emerged. This new description helps to interpret
satellite imagery more fully and to infer cross-shore transport of properties .
over a few hundred kilometers in a week or so. Studies of local dynamics :\
and energetics are in their early stages. -:::-:
OPTOMA performed a prototype, real-time ocean prediction experiment N
(OPTOMAS) for a month in the summer of 1983 and a full, real-time ocean .

prediction experiment (OPTOMAll) for two months in the summer of 1984
in NOCAL. Forecast experiments from OPTOMAS (Robinson, et al., NATURE,
1984 and Robinson, et al,, JPO, 1986) dynamically interpolated between
maps to define the evolution of mesoscale features under the dominant
influence of internal processes. During OPTOMAll, boundary forcing was
more influential. The longer observational period for OPTOMAll allowed -
improvement of the statistical model. Forecasts, as well as forecast I
experiments, have been performed. These experiments involved shipboard
quasi-synoptic surveys using XBT/CTD casts, an airborne synoptic survey
using AXBTs, and satellite AVHRR imagery. The ODPS was used in real-time
at NPS and Harvard. The OA model is used routinely at sea. An Airborne

!
Digital Data Acquisition System (ADDAS) has been developed, deployed, g
end documented (in an NPS Technical Report (Colton and Mooers, 1983)); ?
ADDAS provides an "air casting" capability using the OA model. The prediction RN
experiments have been supported by eight edditional (total of nine maps ROA)
so far in NOCAL plus CENCAL) airborne and 22 additional (total of 28 maps PN
so far in NOCAL plus CENCAL) shipboard mappings which provided additional a0
information for model development and an improved description of the regional ;‘7.=‘
synoptic/mesoscale fields. The continuing mapping efforts led to the A
fortuitous documentation of a large subsurface, offshore temperature anomaly R

associated with the 1982/83 el Nino (Rienecker and Mooers, JGR, 1986).
A few more shipboard mappings and several more airborne mappings are planned
in FY86, 1In September 1984, OSU installed three current meter moorings,
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each with five current meters, which were recovered from NOCAL in July :};-
1985. The primary objective of this effort was to determine the synoptic/

mesoscale barotropic component of flow, and its relationship to the baroclinic NN
component, in order to evaluate and modify, as necessary, our model 'i‘j
initialization procedure. Analyses, for this objective and related studies, }Qyﬁ
are in progress. 2
. i:’.'
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: Department of Oceanography :f\

j Naval Postgraduate School =
Monterey, California 93943-5008 N
(408) 646-2673

4
-

1 October 1985 to 30 September 1987

- = 5 T e s e

3 " .
:
s"‘
. v
. 7
w5
] T
* n‘ \n
I- .‘.\. N
1' RO
- 71 S
" .-\..-4
p R
] -
S A RRA
‘ !.‘..\.
N SRR
) AR
Ca” T a® " . - Cat e et W . SN e .. - R . NEN R E - e RE AR
M Y N A S R T A T M o o S L A N S R N o IS ST T NN N T



L0 I o A e S At e fron e e oy B " 2% gu ave . )

SER TR

_ ..‘;

o

A

s

i

i
[N ")'.(k

A

B

L A '0.".-

[N

.
LIS Y

-
Y
-

W) ':‘.-:.-;:r} I

PETER MULLER
DYNAMICS OF SMALL-SCALE OCEANIC MOTIONS

This project aims at the understanding of the fundamental
processes which govern the dynamics of small-scale oceanic motions.
The work is basically of a theoretical nature, including data analysis
and numerical modelling. Two specific phenomena or processes are
studied: small-scale vortical motions and the interaction between the
surface mixed layer and the ocean interior.

Small-scale vortical motions

The vortical mode of motion carries the potential vorticity of
the flow. At large and meso-scales it represents geostropic and
quasi-geostrophic flows. Vortical motion must also be expected to
exist at small scales, in addition to internal gravity waves which do
not carry potential vorticity. The energy and shear content, the
dominant space and time scales, and the dynamics of small scale
vortical motions are not known. To develop & basic understanding of
these motion and their role in oceanic processes, this project
analyses existing data sets for vortical motion, studies theoretically
the interaction between vortical motion and intermal gravity waves,
and assesses the requirements and feasibility of an experiment that
will unambiguously determine the kinematic structure of small-scale
vortical motions.

A major effort of the project is the analysis of the IWEX and MILDEX
data sets for vortical motion. The three-dimensional nature of these
data allows the direct estimation of the frequency spectrum of
potential vorticity (or the vortical mode) at various horizontal
scales ranging from about 2 km to 6m. These estimates will be used to
hypothesize a complete wavenumber-frequency spectrum of the vortical
mode.

Intraction between the surface mixed layer and the ocean interior

The long term goal of this project is to couple a bulk mixed
layer model with an ocean interior model. A coupled model will
provide a better description and prediction of the near surface
thermal and current field. Various algorithms for such coupling have
been suggested and applied. This project's approach is to identify
and parameterize the actual exchange processes between the surface
mixed layer and ocean interior. Specific processes under investi-
gation are the effect of vertical advection on entrainment and mixing
and the parametric instability caused by a time varying background
stratification.

Department of Oceanography
University of Hawaii
Honolulu, HI 96822

(808) 948-8081

03/01/86 - 02/28/87
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LONG PERIOD WAVES AND CURRENTS

LN

L. A. Mysak

P

1. Modon dynamics
TWo aspects of the theory of barotropic modons (quasi-

geostrophic vortex pairs) have been investigated. First,
necessary instability conditions have been derived in the form of
integral constraints involving the modon wave number. In o
particular, for eastward-travelling modons, the integral
constraint is consistent with the numerical results of McWilliams
et al. (Dyn. Atmos. Ocean, 1981). A second class of problems

- studied involves the application of the method of multiple-scales
to modon propagation in slowly-varying media. 1In particular, the
decay of the modon radius and translation speed due to a weak
bottom Exman boundary layer has been determined (Swaters, JPO,
1985). Also, the evolution of a modon over slowly-varying
topography has been investigated.

o nn
d'l.

Pl

P FL 2l
LA
AT

» L

‘el

L]
o

o
N '.. .

3

N

'

P
<
*
o

." -'.
g
» S0

[N B 2 g

P s
0
(R

’

2, Eddies and Rossby waves off the South African Coast

The retroflection region of the Agul_has current, about
500 km south of Cape Town, is an active generation area of eddies
and wave-like features that are frequently observed to the west,
in the South Atlantic Ocean (e.g., "Eddies in Marine Science"
1983). Mechanisms currently being investigated which may help to
explain these transients include the generation of waves and
eddies by an oscillating vorticity source concentrated in the
retroflection region, and by the annual cycle of the windstress
curl. For the latter problem the numerical model of Cummins,
Mysak and Hamilton (JPO, 1986, in press) is being used.

'I.".' LA g

ot
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3. Mean flow effects on annual Rossby waves in the North Pacific

To study the effects of the subtropical mean gyre on annual
Rossby waves in the central North Pacific (e.g., White and Saur,
JPO, 1981; Cummins et al, JPO, 1986), an ocean general circulation
model is being developed. It is a three-layer, quasi-geostrophic
model in spherical coordinates which will be spun up ysing the
climatological mean winds., From this model, a limited area
circulation model of the eastern central Pacific Ocean will be
developed and later used for the Rossby wave studies.

»
l{l.l.’l'l‘ . "\.'
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4. Scattering of Rossby waves by a geostrophic front

Annual period Rossby waves that are generated by the
windstress curl off the Oregon-Washington coast propagate their
energy to the south-west (Mysak, JPO, 1983, Cummins et al., JPO,
1986). Such waves will encounter the subtropical front, located
at approximately 32°N, and thus will be subject to reflection
and/or absorption by this feature. Using the recent frontal
geostrophic model of Cushman-Roisin (pers. comm. 1985), I propose
to investigate this wave scattering problem using a multi-layer
ocean model.
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University of British Columbia
Department of Oceanography A
Vancouver, B.C. V6T 1WS -
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Pearn P. Niiler

UPPER OCEAN CIRCULATION OF MIXED LAYER DRIFTERS

A new satellite-tracked drogue system has been designed, built and tested
for obtaining ARGOS fixed Lagrangian trajectories and temperatures in the
ocean mixed layer (with R. Davis and H. White). Its virtues are a 200/1
drogue-to-surface float drag area ratio, non-sailing character of the
drogue (shape of a radar corner reflector) and total symmetry of surface
floats (fiberglass spheres) to reduce directional wave forces. There needs
to be no relative flow to keep the drogue deployed and no heavy weight to
keep it oriented into the flow. The entire system is painted wiht anti-
biofouling agent and self-deploys from a mooring ship. In July 1985, 20
of these were released in a study of CALIFORNIA CURRENT FRONTS. Eighteen
are still reporting on a regular basis 8 months later (5 reports a day

on the average, compared with 6 possible ARGOS receptions south of 30°N
latitude). The water-following capability of the system in six different
wave states and mixed layer shear was tested by placing a VMCM on top and
bottom of the drogue. Drogue "s1ip” of .06-2.4 cm/sec in significant
wave height of 0.3-2.2 m and mixed layer shear of 1-36 cm/sec was
recorded. Analysis of the drift data shows the California Current, south
of the 32°N latitute, to be composed of a series of eddies interspersed
with strong filamented southward flows. Tests in North Pacific winter
conditions will be carried out in Fall 1986 in preparation for deployment
of arrays of mixed layer drifters in OCEAN STORMS experiment in Fall 1987.
The principal science objectives of OCEAN STORMS (ed. E. d'Asaro, U. of
Washington, Nov. 1985) is to document the three-dimensional response of
the upper ocean to Gulf of Alaska storms on horizontal scales of 10-300 km.
The principal objective of the ARGOS drifter development project is to
provide a low-cost, multi-year drifter of known water following charac-
teristics for study of large-scale Lagrangian flow in the upper ocean.

Scripps Institution of Oceanography
A-030

La Jolla, California 92093
(619)452-4100

10/1/85 - 9/30/87

74

N \':\."-.' .

A e’ et et A Y
R

R IR
;'\. N'-‘:'.‘n."-l ‘4 %

hh
~

Y
<

%
|

2AF s

AN Wy
0y 0 e

.I a_a_a_»
vatristae

« .-' ‘;3

AN
i
-“ . .

0y
Pd
t g

o
Y
5

Hon



L} o
[ R Sl Sl T ¥

NN,

oL s b ES, P A

SHALYSY,

LA N A

N

OO

LY

SAAAAAAA

ol Al iy W
A

Doron Nof

MESOSCALE PROCESSES IN THE OCEAN
I. Objectives

The present contract focuses on the dynamics of isolated

eddies, the behavior of outflows and the generation of shock waves.

The studies are theoretical; models are developed with the aid of
analytical or quasi-analytical models. The main objective is the
development of nonlinear models for mesoscale processes such as
Gulf Stream rings and straits and passages (e.g., the Tsugaru
Strait).

II. Major accomplishments

i) Development of a model describing the collision of the
Gulf Stream with warm-core rings. This model introduces a new
concept in ring-Stream interaction. It illustrates the mechanism
by which Gulf Stream water envelops warm-core rings. It also
demonstrates the resulting re-absorption of warm-rings by the
Gulf Stream. ii) Development of a model describing the merging
of isolated eddies. This model illustrates how two lens-like
eddies must merge if some mean flow causes them to touch each
other. The results of the model are verified in a simple labora-
tory experiment which uses a Freon-silicone oil mixture to form
the eddies. 1ii) Examination of the atmospheric cooling of
warm-core rings and the associated spirals. iv) Determination
of shock waves behavior in channels and straits. The purpose of
this study is to examine the possibility that the abrupt and
violent changes observed in several straits and passages can be
explained in terms of discontinuities (in the physical properties)
which behave in an organized manner. In particular, attention has
been given to what we have termed “geostrophic shock waves."
These are shock waves whase adjacent flows are exactly geostrophic
in the cross-stream direction. They contain a mechanism which can
significantly increase the potential vorticity of the fuild.
v) Examination of outflows spreading in wedge-like basins. This
study focuses on the cases where the oceanic basin is very broad
and the land mass resembles a "delta." Under such conditions,

the outflow bifurcates and forms two distinctly different currents.

Florida State University
Department of Oceanography
Tallahassee, Florida 32306-3048
Tel: (904) 644-6700

4/1/85 - 3/31/87
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Worth D. Nowlin, Jr.
Thomas Whitworth III

Studies of the Stratification and Circulation of the South Atlantic

Our overall research goal is a better understanding of the general circulation of
the South Atlantic Ocean. A principal data source is the Long Lines data along

" the Greenwich Meridian and in the Scotia Sea. Other recent data sets and the

historical data base are also being used to document the changes imposed on the
characteristics of the Antarctic Circumpolar Current (ACC) by the introduction
of North Atlantic Deep Water in the southwest Atlantic.

Water characteristics in the South Atlantic derive in part from interactions
among the subtropical and subpolar gyres and the ACC. Much of this activity
takes place in the southwest Atlantic--eastern Scotia Sea-Georgia Basin region.
Recently acquired data near the Falkland Plateau will be analyzed in conjunction
with historical data to study the frontal structure in this region. The paths of the
Subantarctic Front/Falkland Current and the Polar Front as they enter the open
South Atlantic from the Scotia Sea will be examined. Of potentially great
importance to the ventilation of South Atlantic waters is the Weddell-Scotia
Confluence. The nature of this front, and its possible relationship to the
Continental Water Boundary-Scotia Front will be further studied.

Texas A&M University
Department of Oceanography
College Station, TX 77843

Contract period: 1/1/86 - 12/31/86
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) VARIATIONAL DATA ASSIMILATION 'dhy*:
P Y -..'H\
James J. O'Brien by '
" It is now recognized that oceanographers will never have the data Q?-a;
X base to initialize large scale ocean models such as done for the :u;.ju
atmosphere. Hence there is great interest in techniques for data e
assimilation. The usual oceanographic approach is called "The }Qij
Inverse Method” which has been used by Professor Wunsch and his NN
disciples to estimate the mean state of the ocean's general e
circulation.

(W

The approach advocated by the P.I. is somewhat different. It
follows the school developed by Professor Sasaki who advocates the
use of "Strong Constraints for Time-Dependent Data

Assimilation™. The technique usues the methods of variational
calculus. Suppose we have a set of partial differential
equations, Lj(q;, cy) - Fy = 0,1 = 1(1)I where q4 are the

. dependent variables: C,, k = 1(1)K are adjustable parameters and oy
- F, are forcing functions such as the wind stress field. This set RO
« of P.D.E.'s with appropriate boundaries represents an ocean Jj:}ﬁ
- model. In addition we have a limited set of observations, q!, A
which may be very sparse in space and time; we have estimateg of &_x_\
the parameters, ¢!, and estimates of the wind stress and other ;}:3?«
forcing fields F! as a function of space and time. A variational uj{}:
function of g4, ¢y and F; can be specified so that the error NOREN
X between these variables and their estimates is minimized. 1In this o
method, the model equations themselves become part of the :-‘-
. variational function. The method greatly expands the number of T
- equations, but they can be solved iteratively on a large-scale ~ ;u
- computer. NOTN
‘ PhigS
; These concepts are being implemented in a series of upper ocean -::-_':;-::

.
,"

models for data assimilation. This is an exciting new research
area with great promise for advancing ocean modelling.

-
'

Mesoscale Air-Sea Interaction Group

J The Florida State University
Meteorology Annex A
* Tallahassee, FL 32306-3041 o
90U /6LU-L4581 e
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James J. O'Brien

INDIAN OCEAN MODELLING
Mark E. Luther and James J. O'Brien

We are developing a series of numerical models of the wind-driven
circulation in the Indian Ocean. The model (often called a
reduced gravity model) consists of a single thin, dynamically
active upper layer over a cooler, deeper, motionless lower

layer. The present version of the model covers the western Indian
Ocean from 10°S to 25°N and from Y40°E to 75°E, and is being
expanded to cover the entire Indian Ocean to the north of 25°S
from Africa to Australia and Indonesia. The model uses several
different observational wind data sets as forcing. Different
model cases have used forcing derived from a monthly mean
climatology (MMC) of ship winds, from the surface level winds from
the First GARP Global Experiment (FGGE) of 1979, and from a 23
year long data set of monthly mean ship winds which extends from
1954 through 1976. The cases using the MMC and FGGE winds are run
in a seasonal mode, with the same year-long wind cycle repeated
for several years. After a brief spin-up phase, the circulation
patterns develop a regular seasonal cycle with nonlinear eddies
repeating from one year to the next. These model cases are
described in Luther and O'Brien (1985, Prog. in Oceanogr., 14,
353-385) and in Luther, O'Brien and Meng (1985, Coupled Ocean-
Atmosphere Models, Ch. 27, J.C.S. Nihoul, ed.). The 23 year
integrations are run in an interannual mode, after a three year
spin-up using the monthly mean winds over the 23 years. We are
now investigating the interannual variability in these current
patterns, and the correlations between the variability in the
circulation patterns and monsoon variability or El Nifio/Southern
Oscillation variabllity. The same general circulation features
appear year after year, but the strength, position and timing of
these features vary considerably over the 23 years.

Mesoscale Air-Sea Interaction Group
The Florida State University
Meteorology Annex

Tallahassee, FL 32306-3041
90U/hLL-LES

Contract Period

October 1, 1985 to
September 30, 1989
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Donald B. Olson
THEORY AND OBSERVATIONS OF OCEAN FRONTS

A F S
1&“\'&,& ’

Present activities include data collection and analysis in the
= South Atlantic Ocean with surface drifters and satellite data.
The drifters were deployed as part of two experiments in the
Agulhas Retroflection and a three cruise effort in the Brazil
Current and its extension. The drifter and satellite sea surface
temperature (SST) time series are augmented with diagnostic models
using historical hydrographic data and synoptic data taken by
other investigators in the Southern Ocean Studies Initative (S0S).
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Results range from a gyre scale description of fronts and their
eddy fields from a diagnostic model using historical data, 109
drifter trajectories (89 FGGE units plus 20 SOS units), and a five
year satellite SST series at two week intervals to synoptic
studies of rings wusing ship, drifter, and high resolution
satellite data. Two anticyclonic rings from each of the western
boundary currents have been studied and compared to those from the
Gulf Stream and boundary currents in the Pacific. The Agulhas
rings are the most energetic reported in the world ocean by a
factor of two. The two Brazil Current rings and a cyclonic ring
formed from the Malvinas are somewhat surprising in that they are
as energetic as their Gulf Stream counterparts although the are
formed from current systems nearly ten times weaker than those in
the North Atlantic. Part of the reason this is possible may be
tied to the energetic recirculation cells tied to stationary
Rossby-1ike modes observed in the Brazil Current extension.
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Satellite and drifter data suggests these 400 km scale waves are
stationary on time scales of two to six months while their
creation and decay 1lead to ring formation and north/south
excursions of the separation of the Brazil Current from the coast
of four to five hundred kilometers. These excursions of the
Brazil Current's separation have a significant annual component
with southward extensions occurring in the December through March
time frame. An analytic model of a finite amplitude Rossby wave
train damped by lateral eddy viscosity is being used to understand
the dynamics of the stationary waves in the Brazil and other
western boundary currents.
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University of Miami

Rosenstiel School of Marine & Atmospheric Science
Division of Meteorology & Physical Oceanography
4600 Rickenbacker Causeway

Miami, Florida 33149-1098

(305) 361-4074
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Thomas R. Osborn

Turbulence Measurements and Analysis

The submarine Dolphin has been instrumented to measure
turbulence along predominently horizontal transects.
Measurements of the mean shear (with a Doppler acoustic
profiler) and the density field (from a CTD) are also
collected. Measurements in the fall of 1984 included
acoustic scattering measurements by Farmer's group from
I0S, Pat Bay and biological sampling by Haury of SIO.

We believe the fall 1984 data include the generation of
an inertial event by the wind and that analysis will
show the turbulence related to the shear of that
feature. Analysis of these data are underway.

The horizontal motion of the submarine makes it eminently
suitable for detecting salt fingers. Measurements reveal
fingers at values of R, as large as 18, with fingers
frequently seen at values between 4 and 6. These values
of R, are well removed from the region of fastest

gro . Salt fingers may well be a ubiquitous feature
when the local temperature and salinity fields are
appropriate. Data collected where the mean temperature
and salinity profiles do not favor fingering but where
finger do appear on intrusions due to lateral gradients,
show the buoyancy flux in the fingers is comparable but
opposite to the mean turbulent flux. Analysis is
underway for the data collected in 1982 off San Diego
just above the salinity minimum to determine the
relative importance of fingers in this region where the
mean gradients allow fingering.

Chesapeake Bay Institute
4800 Atwell Road

Shady Side, Md. 20764-0037
(301) 867-7550

Contract Period
1 November 1985 to 31 October 1986
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A Theoretical Study of the Agulhas Current Retroflection

by Heien Wang Ou

With the collaboration of W. De Ruijter, a two-layer model
is constructed to examine the cseparation of an inexrtial boundary
current from a curved coastline and its subsegquent path as a free
jet. 1In this model configuration, the separation occure when the
interface outcrops and forms a free streamline. Besides the
constraint imposed by the coastal boundary, it is found that the
primary dimensionless parametexr that regulates the separation
peint and the subseguent current path is the scaled volume flux
of the current (Q). Increasing Q causes the current to separate
at a lower latitude. The separation also occurs where the
coastline has a large positive curvature (i.e. convex outward).
After the separation, the current can either meander or loop back
on itself dependirng on the flow directior at the separation
point. We have applied the model to the Agulhas Current and are
able to reproduce the retroflection feature (i.e. a current
turning back on itself) with roughly the correct dimensions.

This suggests that we have isolated the essential physical
mechanisms that can explain the retroflection penomenon. The
study has resulted in a paper published in the Jourmal of
Phyesical Oceanography (January, 188f).

Lamont~Doherty Geolcgical Observatory of
Columbia University

Palisades, NY 10864

(914)359-2900, ext. 225

Contracy period: 10/1/85-9/30/66
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v EXPLORATION OF THE NORTH ATLANTIC CURRENT Vsl
AND ITS RECIRCULATION IN THE NEWFOUNDLAND BASIN A
o N
‘ . - e
__f One area of the North Atlantic Ocean which has not yet been ex- e
. plored using direct current measurements is the Newfoundland Ll
A Basin. This region includes the North Atlantic Current (the b
northern and eastward extension of the Gulf Stream) and is one of -
< importance and controversy in various schemes describing the North ROt
o Atlantic mean circulation. Twenty SOFAR floats and five Autono- g
- mous Listening stations (ALS's) used to track the floats will be S
L launched during a May-June, 1986 cruise of the R.V. Endeavor. At
~ The first deployment of the ALS's is for 18 months. Anticipated
" results include a flow visualization of the North Atlantic Current P
’. examining issues such as flow over the Mid-Atlantic Ridge versus NS
x possible recirculation within the Newfoundland Basin. Maps of ey
’ the mean flow and eddy kinetic energy are also expected. \’\
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W. Brechner Owens and Bryce A. HWarren
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LARGE-SCALE CIRCULATION:
DEEP NORTHERN-BOUNDARY CURRENTS IN THE NORTH PACIFIC

We are attempting to describe the deep northern-boundary currents
off the North Pacific on the basis of observations made during
1981-82: a line of year-long current measurements extending
southward from the Aleutian Islands along Long. 175°W, and CTD -
sections extending southward from the Aleutians along Longs. 2y
165°K, 175°K, and 175°E. One current flows westward along the

Aleutian Island Arc and appears to be the recirculation boundary -
current required by deep-circulation theory. The other, lying e
immediately to the south, flows eastward, and appears to be a con-
centration of interior flow forced at least in part by the topog-
raphy of the Aleutian Rise.
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HWe had hoped that water-property contrasts would distinguish these
two currents, and provide independent means for mapping them, but
our deep regional correlations of salinity, oxygen, and nutrients
against potential temperature are so tight that potential tempera- T
ture in our area of study specifies all the other properties vir- N
tually within measurement error. He have therefore limited our L
mapping to potential temperature. However, using all available ey
data at NODC north of Lat. 40°N between Asia and North America, -
we are finding that this pair of currents can be identified along
the entire northern boundary of the North Pacific (though somewhat .
distorted as they cross the Emperor Seamount Ridge), and as far <
south as 40°N along the western boundary of the North Pacific. o

l' <L
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A preliminary report on our results was published in 1985 in Prog- o
ress in QOceanography, Vol. 14. Unambiguous evidence for geo- . -
thermal heating of bottom water in the North Pacific, based in S
part on some of our data, has been reported in a manuscript by T. o
Joyce, B. Warren, and L. Talley, submitted to Deep-Sea Research. e
Work is in progress on a full account of our project. ;:

N

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
(617) 548-1400, ext. 2811 (WBO), 2537 (BAW)

January 1, 1981 - September 30, 1986
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Clayton A. Paulson

ATR-SEA INTERACTION (MILDEX, AIWEX)

As part of the Mixed Layer Dynamics Experiment (MILDEX),
we towed a thermistor chain for a distance of about 1,000
nautical miles in various patterns approximately 300 miles
west of Monterey, California. The data have been analyzed
to determine the spatial properties of internal waves in
the upper ocean as inferred from isotherm displacement.
Wavenumber spectra agree with the Garrett-Munk (GM) model
of internal waves, but values of vertical coherence are
higher than predicted at wavelengths near 1 km. These re-
sults are consistent with upper ocean towed observations
from many locations except N.E. of S-cotland in Rockall
Channel where spectral levels are a factor of three higher
than GM.

Measurements made with a shipborne acoustic doppler velocity

profiler during MILDEX are being analyzed in cooperation
with Lloyd Regier. The analysis of eyceptionally energetic
inertial oscillations suggests that these oscillations are
coherent over horizontal distances of about 100 km. We are
proceeding with a combined analysis of {ie towed chain tem-
peratures and acoustic doppler velocities in an attempt to
estimate heat transports in the MILDEX area.

As part of the Arctic Internal Wave experiment, we made
velocity measurements with current meters suspended from
the ice. The experiment was conducted in spring, 1985,
about 200 nautical miles north pf Prudhoe Bay. Preliminary
analysis of the observations indicates that spectral levels
are about an order of magnitude below the GM model and the
slope of the frequency spectrum is close to -1. Spectral
levels at high frequencies increase following increased ice
velocity and then decay after the ice velocity decreases.
This suggests that internal waves may be generated by the
motion of underice topography.

College of Oceanography
Oregon State University
Corvallis, OR 97331
(503) 754-2528

1 Ncv 1985 to 31 Oct 1986

1 Ncv 193¢ to 31 Cct 1987
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Robert Pinkel

UPPER OCEAN PHYSICS PROGRAM FY1986

Efforts in this program center on analysis of data collected in
the 1983 MILDEX experiment and on preparation for the Fall 1986
PATCHEX experiment. The data obtained in 1983 are from multiple
Doppler sonars mounted on the research platform FLIP, as well as
from a profiling CID and numerous environmental sensors. The
MILDEX information is being analyzed with emphasis on several
specific issues. The basic energetics of the interval wavefield
is being considered by R. Pinkel. R. Williams is studying the
baroclinic tide. A. Plueddemann is estimating the wavefield
anistropy. J. Smith, R. Pinkel and R. Weller (WHOI) are
investigating mixed layer flows using both direct sensors and
Doppler scattering devices.

PATCHEX preparations include increasing the range and noise
immunity of the existing sonars and doubling the CTD coverage
(to 600 m every 3 min) from that of MILDEX. In addition, a
small scale coherent sonar is being developed. This will have
meter scale resolution. It will estimate velocity to 1 cm/sec
precision on a second by second basis. The maximum range will
be approximately 40 m. The coherent sonar will be 1lowered to
depths of interest as indicated by the larger scale sonars and
CTD. It will be used to monitor the development of unusual
events in the shear field.

The PATCHEX experiment is planned for September and October
1986, off the coast of Southern California. We anticipate
working from FLIP in close conjunction with Tim Stanton (NPGS)
on the Cape Florida during the first several weeks of the
operation, monitoring lateral and temporal variability in the
mixed layer and upper thermocline. Later in the cruise we will
be joined by Mike Gregg on the Thompson. The real time view of
the 1large scale shear fields attainable with the FLIP Doppler
sonar will be used to direct the sampling strategy of the Cregg
and Stanton microstructure probes.

Marine Physical Laboratory of the
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093

(619) 452-2056

1 October 1985 - 30 September 1986
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Raymond T. Pollard

SEASOAR MEASUREMENTS DURING FASINEX

The Institute of Oceanographic Science's SeaSoar is about to be
used in FASINEX (February 5-March 10). The SeaSoar, comprising a
NBIS CTD in a body with adjustable wings, is towed behind a ship
at 8-9 knots, profiling from O m to over 350 m every 1 to 2 km.
Data from the resultant close spaced sections through the upper
ocean are calibrated, corrected for salinity offsets, plotted and
contoured on board ship to provide smoothed (reduced internal wave
noise) sections with a few km resolution of temperature, salinity,
density and hence pressure gradients and geostrophic velocity
shear, within hours of data collection. Our observations of geo-
strophic shear will show its contribution to upper ocean dynamics
(Pollard, Phil. Trans. Roy. Soc., 1983). Combination of SeaSoar
data with Davis/Regier velocity profiler data will resolve ageo-
strophic flow. Repeated surveys will show the evolution of the
frontal/mixed layer structure and variations of isopycnal depths.
After careful calibration, temperature/salinity diagrams and con-
tours of properties on isopycnal surfaces can distinguish water
masses differing by as little as 0.02 psu (Pollard and Pu, Prog.
Oceanog., 1985).

1 am currently analysing SeaSoar, CTD and current data from two
experiments, in late winter 1983 and 1984 northeast of the Azores.
Both show that spatial variations in the mixed layer (up to 300 m
deep) on scales from 3 to 300 km are predominantly caused by
fronts and eddies. Even the diurnal heat budget of the mixed
layer can only be explained by invoking convergent circulations.
FASINEX gives the opportunity to set similar late winter observa-
tions in the context of a well-observed front.

Institute of Oceanographic Sciences
Wormley

Godalming

Surrey GU8 5UB

England

(0)42-879-414"

November 1985-October 1987
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Lawrence J. Pratt

THEORETICAL AND NUMERICAL STUDIES OF
GULF STREAM MEANDERING AND EDDY DETACHMENT

Current and future research centers on the dynamics and predict-
ability of Gulf Stream meanders and, in particular, on the
detachment of meanders into rings and eddies. The work is pro-
ceeding on several fronts. First, the method of contour dynamics
is being applied to study the detachment or 'pinching off' process
by which rings are formed. Contour dynamics is a relatively new
numerical method recently adapted by Pratt and Stern (JPO, 1986)
for use in computing geophysical fluid flows. Second, a study is
being made of a class of 'path equations' which describe the evo-
lution of the Stream's path when the meanders have relatively
small curvature. Because of their analytic simplicity the path
equations yield general information more easily than do numerica}l
simulations. Third, comparisons are being made between theoret-
jcal solutions and the actual Stream path observed over several
weeks. The actual path is obtained from satellite imagery and
the work is being done in collaboration with P. Cornillon and

C. Giliman.

Woods Hole Oceanographic Institution

Woods Hole, MA 02543

(Current Mailing Address: Scripps Institution of Oceanography
Mail Code A-030, La Jolla, CA 92093)

(619) 452-3004
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2 SURFACE METEOROLOGY o

20004
I .':E::
';:: Our goal is to develop the instruments required to make long-term, ) -:Iil
R unattended measurements of surface meteorological parameters from o
> drifting and moored buoys. During this first year of the project OORS
! (January 1986 to December 1986) we have focussed our effort upon B
e measurement of relative humidity, and upon the recording device. SN
s This summer we will begin dockside tests of several promising hu- R

- midity sensors (including chilled mirrors, and solid state de- :

o . vices) which will be repackaged to exclude liquid water. The e
. tests are to determine the long-term stability and reliability of =
- the sensors, as well as their suitability for buoy deployment. ]
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Joseph L. Reid
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WORLD OCEAN CIRCULATION

A major result of the current proposal has been the completion and publi-
cation of a study of the total geostrophic circulation of the South Pacific
Ocean (Reid, 1986). I include here the abstract and the final figure.

Abstract — 1 have used the patterns of tracers (temperature, salinity, oxygen, silica,

helium-3) and of density to estimate the geostrophic circulation (baroclinic plus baro- [
tropic) of the South Pacific Ocean at ell depths. That is, the direction of horizontal Sof
flow is determined at all depths in 2 manner that appears to be consonant with the :x:::;:
tracer patterns and that satisfies continuity of mass. RSN
Within the upper kilometer the velocity shear is much stronger than at grealer e

depths, and the baroclinic flow field alone is closely consonant with the tracer patterns
except near the western boundaries. The barotropic components added to the baro-
clinic to provide a flow fieid that matches the tracer patterns in the deeper waters and
to achieve continuity are quite small excspt in the western boundary currents, and
only there do they provide a combined flow pattern significantly different from the
baroclinic alone.

R

v

T Tt

The resulting field of flow has equatorward deep western boundary undercurrents in _:
each of the three basins and a poleward flow along the eastern boundary. A part of o
the Circumpolar Current follows the southern side of the East Pacific Rise around the -~
Southeast Pacific Basin and then through the Drake Passage. The broad-ocean anti- &
cyclonic gyre of the upper waters is broken at depth by the Tonga-Kermadec Ridge P
and the East Pacific Rise into separate gyres in the Tasman Sea and the central basin, % .
where it extends nearly to the bottom in the north. ';-.'\
In the central basin the northward abyssal flow is not confined to the western .

boundary but extends all across the basin, diverted only slightly in the north by the
small deep remnant of the anticyclonic gyre,

180 1w

Fig. 73. Transport in units of 10° m? s~'. The shaded area represents depths less than 3500 m. integration
is from Antarctica northward, yielding 135 units along the coast of Australia and }30 unus along the cossi of
South Amenca, with § unia crossing into the North Paafic

I have worked during the last year toward a similar study of the South
Atlantic Ocean, and reported some preliminary results at the Ocean Sciences/
ASLO meeting in January 1986 (Reid, 1985),

In addition, Dr. James Swift and I have continued our work on a study of F:'

the Norwegian-Greenland Sea, using data from the expedition aboard the Hudson e
in February-April 1982. -::7‘ .
. b‘

Scripps Institution of Oceanography
MLR Group, A-030

La Jolla, CA 92093

(619) 452-2055

39 ey
N
N,
VS
A
O S N B R N R R W AT AT e T T T e . FaR I RGN NN
r : PRy - ’-’ VA ICPCR - AN o .. -'\ " \-'..".".‘..' NN S '.'-" ST LN T, -‘.‘-\n"-\':v



A
i

LA
Y AN
Bk ;}:
Ft f‘)
b".\ Ny e
AN

,
N Paola Malenotte Rizzeli o
28] ":
:;' TOMOGRATHY OF THE GULF STREAM: MEW DIVERSION SCHETES AYD DATA -
E ASSIMITATION INTO GULF STREAM NUMERICAL MCDELS : v
Py
- This project will continue the theoretical work started during -
&E- the previous project "Gulf Stream Accustic Tomography: Feasibility
v Experiment". The tomographic data collected during the feasibil-
‘S . : N ;
o 1ty experiment will be used to constrein numerical medels of the

Culf Stream system, starting with a quasi-geostrophic barcclinic
model. These preliminary assimilation experiments will consti-~
tute the preparatory grournd work for the assimilation into a prim-
itive equation model of the tomograrhic data to be collected by 5
tomograrhic transceivers starting in mid-1987 (Wunsch & Rizzoli,
NSF supported proposal). The 5 transceivers will be positioned on
5 current meter moorings, which are part of a bigger array to be
deployed by Dr. N. Hogg and the Buoy Group of WHOI for a pericd of
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o~ 18 months to 2 years, in the Gulf Stream system after the New

< England Sea Mountain Chain (centered at 39°N; 54°W). The focus cf
N the work here proposed is upon two main lines of research:

o

't
P 1) Assimilation of tarcgraphic as well as traditioral data into a
- nunerical model cf the Gulf Stream system after the New Englend Sea
N Mountain Chain.

.. 2) Develcrment cf a new Inversion schere suitable for sherp front-
o al systems like the Gulf Stream.

“} * 2= -~ o

The approach will be a blend of datz anaglysis and use of inverses

> to provide cdzta; dynamical experiments with the available, and suit-~
- able, numerical models and combinztion of the models with the data
o upon limited areas.
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-: Vassachusetts Institute of Technology
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Paolz Malanctte Rizzell
Glenn R. Fllierl

A THECRETICAL STUDY OF GULF STrZA! STABILITIES, EDDY PRODUCTION,
EVOLUTION AXD HERACTIONS

This project will continue our work on some LIrmportant, weresclved
cuesticns which have emergad from the experimental evicdence acoum-
ulzated in the past decade in the Gulf Strezm and the regicns cf
intense mesoscale activity on either side =f the Strezm (the Sar-
gasso and Slope Water). We shall focus on the fcllowd né problers:

I. The finite amplitude instatilities of the GUIE Strezm Jet in
different parameter ranges (f~ versus teta-plane; barotropic;
equivalent barotropic, baroclinic medels).

I7. Dizgnostics and energetics of the radiation f*eld assceliated
th a northern boundary current like the Culf Stream znd its re-
lationship to the Jet instabrlities of part (I); possi‘l ferm-

ation of coherent eddies from strong radiation fields.
III. Evoluticn and instabilities of isolated vcrtices as models
of isolated, energetic features within the mesosczle eddy field.

Our approach will be a blend of analytical and corputer simulation
studies. When possible, caparison will be made between the molel-
ing results, the current data base of satellite imagery at MIT and
the emerging date base from the planned STICP exre“*honu

he long term objectives are to obtzin a fuller dyramicel under-
standing of the Gulf Strezm instabtilities as the energy source for
the mescsecale radiation field nd of the immcrtance of mesoscale

eddies for rod fying the structure of the general circulation arj
determining the spectrum of 1ar~=—sc,-~ density and velocity fluct
aticns.

‘zssachusetts Institute of Techrology
kv = e

-~ - ~ Y A Y- L - . L - -
Tezt. of Zzxrth, Atmestheric & rlisneszry Scliences
bl 2 Y

Building S54-1420

Carbridge, Massachusetts
(€17) 253-2451, 253-4€92
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Allan R, Robinson

DYNAMICS OF OCEANIC MOTIONS

This contract continues research on the dynamics of oceanic motions: the

theory and modelling of fundamental dynamical and energetic processes in ;J:t
the sea and theit interactions, and the relationship of theory and model- }{h
ling to the interpretation, analysis and design of observational data and f:A:
experiments., Our interests lie in the dynamics and the forecasting of the ‘

low frequency variability of ocean currents and in the mid-latitude general
circulation. It includes near surface layer/deep current interactions and
interactions with coasts, shelves and islands. Research ircludes studies
of the dynamics of (partially) open reglons of the ocean, and the relation- -
ship of the regional dynamics to the larger scale, A central focus is ini-

tialization with real ocean data, data assimilation. The understanding of

the local dynamics of the mesoscale and successful assimilation and fore-

casting are intimately related. The Ocean Predictive Descriptive System

(ODPS) components are a dynamical model, 3 statistical model and observation-

al network., The output of the system is "optimal" field estimation. For

practical nowcasts and forecasts these fields can most efficiently exploit

available data resources. For scientific purposes, these fields form the

best basis for regional process studies, specifically carried out by open

RANY MNPl e gdWWp s . We=<
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= regional vorticity and energy dynamical analyses. Real time predictioms

E{ allow the evolution of experiments and observations efficiently in the

:; dynamically heterogeneous ocean and can substantially accelerate research

= progress. Specific research topics include: 1. local Dynamics of the Meso-

:j scale and Interaction with the General Circulation. aPynamics of Eddies, Rings

o and Jets. A general method for local Energy and Vorticity Analysis (EVA) was
completed and applied to process studies in the POLYMODE and California Cur-

. rent regions, b) Coupled Surface Boundary Layer (SBL) - Quasigeostrophic (QG)

~, Model Studies. ¢) Interaction of Deep Ocean =ddy Currents with Coasts and

N Islands, d) Primitive Equation (PE) Open Ocean Model.e) Embedding Strategies.

:? 2. Data Assimilation and Real Time Nowcasting and Forecasting. a) Multivar-

~j iate Analysis for Current Systems. b) Initialization and Updating Methods and

= Strategies. c) Satellite Altimetric Data Assimilation. d) Assimilation Schemes

! for Lagrangian Data. e) The Gulf Stream Region ODPS. Research of a teal time

-~ ODPS during the SYNOP experiment. Model stream and ring structures combined

:' with feature locations from satellite IR have resulted in 1) successful initial=-

k: izadon,ii)realisticsimulation including ring formation, and ii1) useful fore~

ﬁ; casts with real time AXBT updates,
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GUNNAR 1. RODEN AN
A
CURRENTS, FRONTS AND EDDIES IN THE CENTRAL ARGENTINE BASIN tfaﬁ
s
Research focused on the thermohaline structure and circulation 'f};f
in the central Argentine Basin, a region influenced by both the

Brazil current and the antarctic circumpolar current. The research
was based on the cooperative SOUTHERN OCEAN STUDIES field experi-
ment in the SW Atlantic in late 1984. The main objectives were to
determine the relationship of the fronts and eddies to these
currents and the change of this relationship with depth.

The Brazil current, after leaving the South American coast,
returns to subtropical latitudes in a meandering fashion with
speeds of 30-50 cm/s. The meanders have a wavelength of 400 km and
an amplitude of 200 km. The Brazil and antarctic circumpolar
currents do not meet in the central Argentine Basin to form common
eastward flow as expressed in classical descriptions, but instead
diverge sharply near 42 W. This divergence is suggested also in
the path of sateliite tracked drifters. The region between the
currents is marked by cyclonic and anticyclonic eddies, possibly
derived from instabilities of these currents. The Brazil current
signatures extend to great depths, in common with other western
boundary currents.

In the central Argentine Basin two distinct thermchaline fronts
occur, one associated with the Brazil current return flow and the

VRN
P

S
other with the antarctic circumpolar current. The region in TN
between represents a mixing zone, in which waters of both origins P
are present. The vertical structure of the fronts is complex. Sl

Temperature, salinity, and density fronts are not always present
simultaneously, nor do they extend to the same depth. Along the
poleward boundary of the Brazil current, density fronts are
coherent in the upper 3000 m, but temperature and salinity fronts
are not. The former vanishes at the interface between the North
Atlantic Deep Water and the South Atlantic Intermediate Water and
the latter near the core of the intermediate water. Below 3000 m
abyssal temperature and salinity fronts are found. Along the sub-
antarctic front, the sharp mixed layer horizcntal temperature and
salinity gradients balance each other in such a way that no
density front is formed. The same holds true for eddies of sub-
antarctic origin that have drifted northward.
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Thomas Rossby
LACRANGIAN STUDIES OF THE GULF STREAM

This is a study of the Lagrangian properties of fluid motion
in the Culf Stream using acoustically-tracked isopycnal floats.
Specifically, through repeated seeding of floats in the center
of the current we can i) examine the spatizl and temporal
properties of the current including the construction of time
series of objective maps of the path of the current (for
kinematic analysis directly, or for use in numerical model
simulation of the current), ii) examine the three-dimensional
velocity field and its coupling to the path structure
{(meandering), and iii) examine mechanisms and pathways of fluid
exchange with the surrounding weters including stirring and
mixing processes. .

Over 40 isopycnal floats have been launched in the center of
the current off Cape Hatteras since the summer of 7984.
Neutrally buoyant on density surfaces in the main thermocline,
26.8 < o, € 27.3, some floats have travelled in excess of 2000
km before leaving the current while others have been ejected
within a few hundred km, either way always in a a region of
strong path curvature. The lateral movement of floats within
the current is not stochastic but clearly coupled to the
dynamics of curvilinear motion, i.e. wupwelling between meander
trough and crest and vice versa. This is an important
observation for it indicates that that there is a high degree of
order within the current and that lateral mixing by shear is
weak. Stirring is more likely to take place by exchange with
waters outside the dynamical path of the current.

Preliminary results from the field program have been
published in the Bulletin of the American Meteorclogical Society
(1985) and a2 description of the RAFOS operating system has been
submitted to JAOT (1986).

References
T. Rossby, A.S. Bower, &né P.-T. Shaw , AV¥S, 1G85,
T. Rossoy, D. Dorson, anc J. Fontaing, sutmitted to JAOT,
1986.

University of Rhode Isleand

Graduzte School of Oceanograpny

Kingston, h.I. 0Cc&21

{LC1) T92-6521
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Thomas Rossby

STUDIES OF FRONTAL MIXING IN THE GULF STREAM

The Gulf Stream can be viewed as a high velocity front
under attack by local dynamical processes, some of which may
be internal (shear flow instabilities) and others external,
such as entrainment, eddy-stream interaction, and bathymetric
effects. The scales and detailed structure of these exchange
processes appear to be stochastic and limited to scales of
0(10 km) and less, yet the ccnditions for their onset may be
governed by dynamical conditions at the mesoscale (i.e.

. meandering). Shingle formation, presumably due to upwelling

- upstream of meander crests is the most common surface

s expression of cross-frontal exchange. RAFOS floats have
revealed corresponding subsurface pathways.

- This joint Norwegian-U.S. field program is designed to

N conduct studies of cross-frontal exchznge at sites chosen to
}- emphasize specific processes: i) topographically induced

o

upwelling near the Charleston Bump, ii) entrainment of Shelf
Waters off Cape Hatteras, and iii) upwelling and shingle

- formation in a region of strong anticyclonic curvature.
:: Using a combination of shipboard instrumentation con the
} R/V Haakon Mosby from the University of Bergen in

September-October 1985, we conducted numerous CTD to-yos
between 25m and 150 m depth across the cyclonic shear zone of

s the Gulf Stream and into the Slope Waters to the north to

ﬁ e~ uine the distributions of T-S-0, and Chl-a. A very simple,

- y.. powerful technique for real-time contour-plotting cof

C selected CTD variables was implemented and greatliy facilitated

¥ the design and execution of the field program. Navigation
information was automaticezlly merged into the CTD data stream. -

Y XCPs were also taken to determine the corresponding vertical -,

> an¢ lateral shear fields. L

> The cata are presently being reduced, ecitec and ;1
calibrated into & working datz set., A joint workshop is 'f

} scheduled for ¢ weeks in Mey, and preliminary results should E

Y be ready for presentation by mid-19€6. el

\: .::-.::\

:: University of Rhode Island ::?#\
Gracduazte School of Oceanography :,

) Kingston, R.1. 02881 o
(401) 792-6521 -

" Contract Period: 1/1/85-1z/31/86
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David Rubenstein

DYNAMICS OF INTERTIAL/INTERNAL WAVES
IR THE MIXED LAYER, THERMOCLINE AND IN OCEAN FRONTS

An increasing body of evidence points toward strong coupling
mechanisms between inertial/internal waves in the ocean mixed
layer and the thermocline, and interactions with ocean frorts.
Background vorticity associated with ocean fronts can <trongly
affect dynamics in both the surface layer and the ocean interior.
My objective is to understand some of these mechanisms, using a
theoretical modeling approach, with gquidance from recent ooserva-
tions.

During the first year of this project, 1 developed a new
two-dimensional model of internal wave dynamics. 1 have applied
this model to examine the effects of ocean fronts on the variabil-
ity of near-inertial motions (Rubenstein and Roberts, JPO, Jan.
1986). Tne results suggest that the mean vorticity associated
with a front acts to decrease the spatial scales fo inertial
motions to comparable to the frontal width, or smaller. Inertial
pumping generates internal waves that propagate downward and away
from the front. Radiation damping acts to dissipate inertial
oscillations in the mixed layer in the vicinity of the front.

I have also begun examining the scattering of inertial waves
by bumpy bathymetry. Steady state solutions imply that the
bathymetry is capable of completely destroying the large-scale
coherence of surface forced waves. Time-dependent solutions show
that the coherence degradation takes place over a very long time
period {months) after the generation of the waves.

Science Appliations International Corporation
P.0. Box 1303

MclLean, VA 22102

(703) 827-4748

Contract Period: 3/84-2/36
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Richard L. Salmon
George F. Carnevalc

P,

J

Analytic and numerical studies of flow
over ocean bottom-topography

N N 2!

)

-

The presence of topography strongly influences geophysical flows. Even in
turbulent flows there is on average a “static’’ component locked to the
topography. The significance of this ‘“contour flow” 1is investigated
through a series of numerical simulations of cne and two-layer flows. The
model topography used in these numnerical experiments ranges from highly
idealized geometrical forms to accurate representations of actual oceano-
graphic structures including seamount chains and continental shelves. The
flow in these simulations is driven in a variety of ways including turbulent
decay, dynamically interactive large-scale cross currents, and surface
winds. The numerical experiments are compared to the predictions of sta-
tistical equilibrium theory, and to nonequilibrium approximations for the
evolution of the energy spectrum and the autocorrelation of velocity at dif-
ferent times.
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Recent efforts have provided interesting theoretical insights and numerical
results. An examination of the predictions of stability theory and statisti-
cal equilibrium theory for flow over topography has provided a clarifica-
tion of the fundamental relationship between these theories. In numerical
experiments, we have demonstrated that certain stationary topographic
contour flows which are stable in low resolution models, can be replaced at
higher resolutions by turbulent flows with a mean contour flow, and the
results are sensitive to the choice of enstrophy dissipation. Furthermore,
new models are proposed for the investigation of baroclinic flow over
topography driven by large-scale interactive flows, and these will be tested
in a two layer model.
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PI's Institution: Scripps Institution of Oceanography
Address: La Jolla, California
Telephone: 452-2090, 452-4775
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Thomas B. Sanford

OCEAN VARIABILITY AND DYNAMICS

A major theme of our research is the generation, propagation and absorp-
tion of inertial waves in the deep sea. The strongest inertial wave generator is
a hurricane, and we are analyzing AXCP observations taken in 1984 hurricanes
Norbert (Pacific) and Josephine (Atlantic). These observations on the surface
mixed layer vclocities are being compared with SML velocities from a numeri-
cal model by J. Price. In another hurricane related study it was found that
velocity profiles at Site D contain inertial motions from Carrie (1971) that are
compactly represented in terms of slope modes. Elsewhere, we are investigat-
ing the propagation, trapping, enhancement and absorption of inertial waves in
steady currents and shears. In a series of recent papers we have published
resuits from studies of inertial waves in a warm core ring, at site D, within a
topographically trapped anticyclonic eddy and in a geostrophic front. These
studies have revealed the importance of trapping and critical layer processes for
near-inertial motions. Moreover, simultaneous measurements of viscous dissi-
pation show a correlation between regions of high dissipation and locations of
likely critical layer absorption.

For the remainder of the contract period we intend to complete a paper on
the hurricane Norbert and Josephine profiles, continue analysis and publication
of our existing data and modify AXCPs for deployment in a N. Pacific storm as
part of the Ocean Storms program. Observation of velocity profiles in a fully
developed hurricane is a very recent achievement and offers exciting scientific
opportunities. Perhaps, the greatest SML velocities occur in these storms. The
modifications to the AXCPs for Ocean Storms are to slow the probe fall rate
to 1 m/s while maintaining the rotation rate at several Hz. Such an AXCP
would provide velocity profiles that are better suited for the separation of sur-
face waves from steady or inertial velocities and vertical shear. Finally, we are
working with a new vorticity sensor. Experiments and analysis are being con-
ducted on its use as a detector for pancake eddies (vortical modes) in the deep
ocean and for suiface wind stress.

Applied Physics Laboratory, University of Washington
1013 N.E. 40th St.

Seattle, WA 98195

206/543-1365

1 October 1985 - 30 September 1987
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3 FINE- AND MICROSTRUCTURE STUDIES OF AN UPPER OCEAN FRONT iti:
: A
’ An ONR sponsored experiment to study atmospheric and oceanic ‘igﬁ
- dynamics near a sea-surface temperature front is currently .
. underway. The Frontal Air-Sea Interaction Experiment (FASINEX)
. includes a six-month moored study {January-July, 1986) and an
:f intensive two-ship, multi-aircraft program during February-
- March, 1986. The present program is a component of this field
. effort aboard the R/V Endeavor. Vertical profiles of velocity,
J temperature, salinity, and microscale temperature, conductivity,
and shear fluctuations will be collected with a new free fall i,;;
- profiler. A companion project supported by NSF will obtain Y
. “upper ocean velocity data using a ship mounted acoustic-Doppler "Zﬁ
.. profiler and temperature/salinity data from a wire lowered CTD. N
o A goal of the oceanographic component of FASINEX is to document L
. the structure of an upper ocean front and to discover if the =~
oceanic response to atmospheric forcing is sensitive to the R
> presence of a front. Near inertial frequency internal waves are A
i often observed in response to wind forcing events. Previous A
V studies have documented inertial wave trapping in zones of negative KA
' relative vorticity as are found on the warm side of a northern N
- hemisphere front. We thus anticipate observing significant N
- differences in the inertial response on either side of the FASINtX RN
) front. Of significance are the zones of low Richardson Number RGS
> associated with trapped inertial waves. Significant mixing could Y
- be associated with these features. If so, oceanic fronts are N 3
; important sites of mixing in the ocean interior. This idea will T
. be tested in FASINEX. -
2 RS
Cal .j-_.:-‘
3 N
! NN
r
AN . . :\.':"
\ Woods Hole Cceanographic Institution BN
X Woods Hole, Massachusetts 02543 s
) (617) 548-1400, Ext. 2426 (Schmitt) A;Q
s Ext. 2531 (Toole) 2
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Hilliam J. Schmitz, Jr.
LOW-FREQUENCY OCEAN CIRCULATICN

The main goal of this project and of the principal investigator

Vs to describe the properties of the low-frequency ocean circula-
tion, with particular emphasis on the relation between eddies and
mean flow. A secondary objective is a comparison of the cdata base
with results from numerical models.

Several long-term deployments of arrays of mcored instruments in
the North Atlantic were completed by 1577 and a similar geographi-
cal exploration of the North Pacific was initiated in 1680. A
major new experiment in the western Ncrth Pacific began in the
fall of 1983, extending coverage zonally from 152°E across the
North Pacific at mid-latitudes. This moored array was recovered
for the final time in the fall of 1985. The priority for this
project is and will be publication on the new North Pacific data
base, including comparisons with the North Atlantic.

Model-data intercomparisons.were started with regional numerical
experiments in 1978 and expanded to gyre-scale runs in idealized
geometry beginning in 1979. The regioral numerical model avatil-
able tended to do a decent job in the MCDE area for the period
range (nominal) of 50 to 150 days, but not otherwise. The two-
layer gyre-scale eddy-resolving models developed by W. R. Holland
at NCAR and examined next tended to reproduce approximately many
of the observed features of the North Atlantic eddy field, with
the main guestion becoming the zonal penetration scale from the
west coast.

Another intercomparison of observaticn with Holland's models was
initiated in 1984. The zonal scale question was resolved, and
eight-layer runs were examined. 1In 1985, a major new intercompar-
fson involving these £-layer numerical experiments was completed.
The results are quite favorable for two particular runs, one rele-
vant to the North Pacific and ancther for the North Atlantic. The
models under evalustion are forced by a steady wind, with the eddy
field being the result of instability processes. The intercompar-
ison results suggest that th'c mechanism is dominant in the west-
ern segment of northern henisphere subtropical gyres, with the
models even being able to reproduce temporal spectra reasonably
well.

Woods Hcle Oceanogragh'c Institution
Woods Hole, Massachusetts (02543
(617) S48-1400, ext. 2015

January 1, 1986 - Decemcer 3!, 1987
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Dr. Friedrich Schott
WESTERN BOUNDARY CURRENTS IN TAE INDIAN OCEAN

Hogred arrays were deployed in the East Magagascar current at
23”S, 1in the North Madagascar Current at 12~ and in the Somali
Current cn the egquator from October 1984 to September 1985, The
Somali Current array was redeployed for a second year, unti)
October 1986, including a buoy-mounted acoustic Doppler profiler
(ADCP) for near-surface profiling. Five ship surveys of the
boundary current systems were carried out with the French R/Y
MARION DUFRESNE, using 115 kHz ADCP, XBT's, CTD (2 cruises). Deep
CTD sections in April 1985 revealed a southward deep circulation

in the western Scinali Basin (Fieux, Schott, Swallow, Deep-Sea

Res., in press) opposite from whal was found in August 1964 during
the II0E. The currents east of Madagascar were found to have no
significant seasonal cycle, although the wind forcing over the
Scuth Equatorial Current varies seasonally by about E0%.
Horizontal eddy kinetic energy had similar magnitude and
baroclinicity as found in the subtropical North Atlantic at
similar latitudes. Current structure in the egquatorial Somali
Current during thz winter monsoon differs considerably from what
was concluded from earlier observations north of the eguator, The
southward flow near the surface is only about 100 m deep,
underneath 1in the depth range 100-600 m wundercurrent flows
northward, The cbservations are analyzed in conjunction with data
from a high resolution numerical model (G. Philander) and gcod
agreement is found in the top 500 m, in the equatorial ragime,

Rosenstiel School of Marine and Atmospheric Science
University of Miami

4500 Rickenbacker Causeway

Miami, Florida 33149

(305) 361-4057

October 1, 1984 - September 30 1986
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% Robert L. Smith
’,
b
OPTOMA CURRENT MEASUREMENTS ; o
A A
. As an adjunct to the Naval Postgraduate School/Harvard OPTOMz :'.-‘_.;'_::
., (Ocean Prediction Through Observation, Modeling and Analysis) . :::.:'_.:
Program, three deep-sea subsurface moorings vere deploved -
' 100-200 km off Northern California (38°39°N; 124°-126°W) from _x:_vj
-, September 1984 to July 1935. The triad of moorings had a NS
‘: nutual separation of 100 km and were in water 3400-4400 m deep. - RS
- On each mooring there were 5 Aenderaa current meters which o
:‘_; recorded hourly speed, direction end temperature at the nominal .',;_:
<, depths of 150 m, 350 m, 800 m, 1250 m below the surface and b
200 m above the bottom. A comprehensive data report is being e
I prepared; & preliminary report was given at the Ccean Sciences e
\' Meeting in New Orleans in January 1986,
e The horizontal cohersnce between the current measurenents at
. the separation of 100 km was nil. This is not surprising; the -
4 radius of deformation for the first baroclinic mode (computed P
Ky from CTD casts to the bottom) was 0(25 km). The array was
e designed as a test of the OPTOMA model and to determine the e
e barotropic component of the flow. For periods of 10 days and e
':; longer, there was very high vertical rotary coherence between e
- the two uppermost current velocity records on each mooring. ;j-_,"-".
The first complex ECF mode, based on the 5 current meter ver- . _4
v tical array, contains 90% of the subtidal energy. The shepe of N
"', the first two EOF modes are similar, respectively, to the first ;::._::-r:
< two dynamical modes computed from the CTD data. ‘\::-‘:
Yy "l
"j Surprisingly, the alongshore convergence at 150 and 350 m of :':‘-'f
the flow, calculated from the two array elements deploved ~.
- nearer shore with a 100 km alongshore separation, is signif- .::'_'
o icantly correlated with the tempera~ure and the normal com- ;..::..:
i, ponent of the velocity at the offshore mooring. The alongshore ,:_,.:,-
- convergence leads the cffshore component of the flow by about 6 -f.,:.;:
) days and the temperature by about 20 days. It seems that the Y
AVHRR satellite temperature field may be related to the flow p—
-, field as deep as 350 m. We are continuing the analysis of the S
::i current meter measurements in conjunction with Drs. Mcoers and r::.':.'
o Rienecker at NPS, using both hydrographic and satellite data. RS
R
- [
4 r Y
> College of Oceanography rf'ﬂ_\‘
< Oregon State University N
p Corvallis, Oregon 97331 N
- Phone: (503) 754-2926 NN
: Telemail: CREGON.STATE *:.,:
" h |
. a0
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ACOUSTIC TOMOGRAPHY IN THE GULF STREAM: A FEASIBILITY EXPEPIMENT Lo
In the Fall of 1984, an acoustic tomography experiment was ljlg?
conducted near the Gu'f Stream. A bottom-mounted source (400 Hz, “i}}f
10 ms resolution, 176 d8 re 1 wPa @ ! yd) transmitted signals R
along steep ray paths to three bottom-mounted receivers at ranges O
from 20 to 50 km. The observed acoustic rays were steep {about LA
20° from the horizontal) and reflected from the rough surface and ﬁ;:*
bottom., The rays were observed to have large signal-to-noise ?::ﬁ
ratios (20 to 40 dB) even during the onset of hurricane ;{;\j
conditions. e

The geophysical inverse problem is very nonlinear when
non-reflecting ray paths are used in‘the Gulf Stream region. It
is difficult to interpret results from nonlinear inversions,
However, the inverse problem is very linear when reflecting ray A
paths are used, and results can be interpreted using standard I
techniques. This experiment demonstrated the feasibility of using
tomography to investigate Gulf Stream vazriability.

Hoods Hol=2 Cceanographic Institution
Woods Hole, MA 02543
(617) 548-1400

Contract Period
1 Apr 1984 to 30 Sept 1986
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fimothy Stanton
Edward Thomton

DENSITY, SHEAR AND TURBULENCE MEASUREMENTS
IN THE UPPER OCEAN

y N IPES s 2 Rray

°

Temperature, salinity and velocity profile time series were

acquired around a Skm box centered on FLIP during MILDEX, The

CTD and acoustic doppler current prufiler data have been .
combired to produce density, N and shear Richardson numoer

profiles wnich mep entrainment and stability changes in the

mixed layer in the vicinity of FLIP over a ten day pericd. .
The gradients of temperature and density across tne

measurement box are being used to identify large scale

features propagating through the area., The spatial

distribution of low stuility layers are being ceutermined from

the Richardson nusber prefiles, and their temporel evoiutron

is being compared with the local atmespheric forcing and the

deep inertial wave measurements made from FLIP,

?'e

iyl

s

" "'."'-&!‘. e

&

A A series of accustic doppler shear profiles and microstructure
.:, measurements were made from the R/S DOLPHIN in conjunctieon

Pod

&(

with turbulence measurements made by Tom Osborn during
October 1584, Shear profiles with a lm resolution were
measured from the bow of the submarire using a 1,2 M H,
upward-looking acoustic doppler pretiler., A concurrent towyo
CTD and doppler profiler survey was made from the R/V ACANIA
during a period when there was high near-inertial wave
activity. The role of the internal wave shear on the observed
mixing rates is being examined.
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Naval Postgraduate Schocl »
Code 63Sm r -
Monterey, CA 93943

Telephone: (408) 646-3144
Contract Period: FYE4 and FYBS ‘
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I JAMES H. SWIFT b
: RN
N A STUDY OF THE NORTHERN HEMISPHERE DCEP CIRCULATION Z-:_-I-::?
N Ry
N The scientific objectives focus tupon the formation and circula- f:?:r
tion of the deep water masses of the northern hemisphere, with N
i special emphasis upon the Arctic Ocean and its peripheral seas. v
" Previous results showed that the Arctic Ocean deep waters are RN
v efficiently ventilated from the peripheral shelf seas, making the RO
N Arctic Ocean an effective coatributor to the deep Werld Ocean. Y
n In another study tracer data were used to study the conneciion NN
> between the Greenland Sea and North Atlantic via surface inflow PO
I to the Greenland Sea and outfiow to the Horth Atlantic of much
S denser water. New results on the origin c¢f the deep water of the

Norwegian Sea are in draft form.

- Other work includes an analysis of the Greenland Sea circula-

. tion; a volumetric 8-S census of the Greenland Sea; an extension ~

R of recent North Atlantic analyses southward to 20°S; ean exemina- -

S tion of new hydrographic data from Fram Strait to determine the St

g origin and circulation of the waters; end an examination of the “a

- North Pacific deep circulation. -

0 .
; Hydrographic sampling at the Arctic Internal Waves Experiment -

| site was completed successfully and a final data report will o
- soon be published. This work included surface-to-bottom sampling ?zﬁq
- for T, S, 07, and nutrients, and collection of geochemical D
n samples (tritium, C-14, Cs5-137, and Sr-90). These data have Y,
g recently been used to examine the Arctic Ocean contribution to '4:3”
i the outflow through From Strait. AN

An expedition to the northern Barents Sea slope and deep Nansen
Basin of the Arctic Ocean on the R/V Polarstern has been proposed

- and scheduled for 7/7 - 9/15/1987. Measurements proposed for

. this contract include sampling for temperature, salinity, oxycen,

- and nutrients to complement the CTD program. This interfaces Ve
! with an integrated program of tracer and velocity measurements. v,
v The objectives are to determine the characteristics of Nansen RN
. Basin and adjacent slope waters from the ice boundary to a few A
S meters above the sea floor, and to identify principal boundary ;3§i”
" currents ard determine their strength and structure. R
! LI )
b University of Washington F

- School of Oceanography, WB-10 e
g Seattle, WA 9819% R
- (206) 543-4485 T
X Contract Period 10/1/85 - 9/30/87 o
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Lyane D. Talley
MESOSCALE VARIABILYZTY AND INSTABILITIRS OF THE XUROSHIO
EXTENSION

The primary source cof eddy varisbility im the western North
Pacific Ocear 4is the Xoroshic Extencion, mnfoubtedly throngh its
instabilities. The priuncipzl objectives of ¢k~ researck are (1)
to describe the natnre of variability in the westexn Pacific,
vsing the Tranzpac YBT data 25 a primery deta source, (2) rto
extend & theorctical model of 1ldinear dnstabilities to finite
amplitude &rd tc wmore ccmpliceted flows which Dbetter corrsapoed
with the =:een stracture of the Frroshiio Extzaslon, ead (3) to
examine the growtd of suver instedilitice ip nomericsl micels, Thae
instabilities =zontlonzgd in the second ard third chjeciives can te
trapped to the Er-oshio Eztensioz or cen radiste everyy far north
and sounth c¢f the Corcrent, Very little is known abernt radiating
instabilities (=hich depend on the existence of Rossdby waves in
ths ocean north sand scuth of the Current) and the latter two
objectives zre foonsed cautirely on understandisg thenm,

¥arren ¥hite wnd I lave been anelyzing the Traamspae XBT data =
the mid-lativvde North Pscific, We have fcund that the demirvaut
wavelength is lerger dn the enstern Pacific then in the weste:in
and onccurs 2t lower freguency., A significsnt shift in ¢pectrsl
peaks frow sorih to somtk is not  observed. Difficuolties with
using spectyul mcthods to recover informetion zbout the North
Pacific eddy field mrise frow patchy seupling ard inhomogeneities
in eddy encrzgy and sceles. The spectra are generally consistext
with Rossby »ave propazation ia a slow, mean, sastwerd flow. Ve
have fcupd that the wind field, which can account for forcing of
the gpectra in tite casturn Pacific, does not accormt for tke aspec—
tra of the western Pacific. Time and space sarpling in the data
set in the western Pacific 1s not adeguoate to estimate energy
transfers so we are turnimg to other data sources to batter detzr-
mine the role of inmstadbility of the Kuroskio Extensioa.

Rediating imstabilities bave been examined in berctropic aud
baroclinic models of carrents 1like the Xrroshio Cxtensica. 4
study of the inzishilities of a2 jet with «countercurzents, which
mnodels the Culf{ Stream ard Kuroshio was recently cempleted; the
addition of westw¥ard counterflow allowed tke otherwise eastward
jet to radiste energy to the far field. A stedy of the pomlipesr
evolution of radicting carotropic iostability is uvaderway aad 1 sy
colludorating with Dale Haidvogel (NCAR) ip & study of the conclu-
sion of radiating instubilities in owerical models.

Scripps Iastitetion of Oceancgraphy
University cf California, "an Diego
Mail Code A-03C

La Jolla, CA 352053

{(610) 452-661i0

10/01/85 - 09/30/86
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Eugene A. Terray

TURBULENCE MEASUREMENTS BENEATH WIND WAVES

We are developing 2 three-egxis, renge-gated, Coherent Doppler
Sonar (CODS) to measure the vertical structure and statistical
characteristics of small-scale turbulence in the upper mwixed
layer., Our purpose is to determine the flux of turbulent energy
and momentur driven by the local wind stress, and to assess tle
relative impcrtaunce of production, traneport and dissipation in
the overall furbulcnce budger,

Although the direct epplication of pulse-coherent Doppler sonar to
high frequercy (10 Rz) velocity measurements is limited by the
inverse relation between maximum unambiguous range and velocity
inherent in such systems, it is known that the ure of coded
signals can redistribute this swbiguity in range-velccity space.
To investigate the utility of this approach, vwe coustructed a
single-axis prototype instrument, and demopstrated that a simple
bi-rhase code would enhance the useful range cf the device by a
factor of order 5. Since the purpose of coding is to spread the
unwanted sigrnal energy throughout the spectrum, wec have also
evaluated vsriouvs Doppler estimation algoritims with respect to
their noise sensitivity, and have concluded that & spectral peak-
picking techpique offers the best performance. These rosults zre
being prepared for publication, and a field iustrument employing
pulse coding is under construction.

Woods Eole Oceanographic Imstitution
Woods Hole, Massachusetts 02543
(617) 548-1400, ext. 2438
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John M. Toole
HYDROGRAPHIC CBSERVATIONS IN THE AGULHAS RLTROFLECTIGH AREA

The Agulhas, the western boundary current of the South Indian
Ocean, typically exhibits a sharp reversal of direction south

of the African continent. This so called Agulhas Retroflection
is one focus of the ONR Southarn Ocean Initiative. In Fetruary/
March 1985, in coordination with the deplovment of a mocred
current meter array for J. Luyten, a hydrographic survey of the
Agulhas Current, the Retroflection Zone and the Agulhas return
current was performed. A total of 92 CTD/0., casts were col-
lected to the ocean bottom with rosette watgr sampio analysis

of salinity and dissolved oxygen. The data have been calibratled
and analysis begun. The principal investigator is being assisted
in this effort by Sara Bennett, a doctoral candidate in the MIT/
WHOI Joint Program, who is focussing her research on the Agulhac.
Initial results, reported at tae fall AGU meetiny, deal with the
path of the current during the survey period.

We are also interested in the c¢irculation of South Indian
Subantarctic Mode Water (SAMW) in this area, and the extent to
which it is confined within the retroflection and retroflection
eddies, and evidence of modification by South Atlantic and
Circumpolar influences. The core layer defining the SAMA is a
weak vertical minimum in potential vorticity(q)/static stability.
A paper which explores the effects of reference pressure choice
on the a field, in particular weak features of the q field such
as the Scuth Indian SAMW, is in preparation.

Other topics to ce considered using these data include:
° L comparison of the Agulhas and Gulf Stream systems

° Confluence and interleaving at the AAIW salinity
minimum

° Survey-itn-survey comparisens using A. Gordon's 1983
Agulhas Retroflection Cruise hydrographic data

Wooas Hole Jceanagrarhic Institution
Woods Hoie, Massachusects 025413
(617) £48-1400, Ext. 2531

Contract Periad: 1 Cctcber 1884 - 30 Septermber 1002
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Dennis B. Trizna

SHIPBOARD MARINE RADAR ESTIMATES
OF WIND STRESS AND MCMENTUM FLUX
DURING FASINEX

The cobjectives of our FASINEX wparticigation
are: (1) to gain a better under=ztanding of the depen-
dence cf the scattering mechanisms responsible for 1low
grazing angle sea rcatter statistics on wind stress and
momentum flux; (2) to determine the effects on the wpa-
rine radar sea scattzr due tu the srma surface teupera-
ture change asscciated with the thermal front, in con-
cert with similar nmeasurcments madis Ty the airborne ac-
tive and pasyive rencte scnsors.

During the FASINEX enperiment, e are utilizing
the marine radars on board the participating ships, the
Knorr and the Oceanus, for the measurznrnent of low graz-~

ing angle sea scatter. Bused upon prelinminary measure-

. .
a

ments made aboard HOAA zhips, & corrzlation was shewu Qiﬁ'
to exist between parametera of the cumulative d““tribu— o
tion function of the normalized zesa surface rader cros .
sectiocn (NRCS) and wind speed under cguilibrium condl— j
tions. This type of measurement appears to distinguish -

betwee sources of scatter cdue to small scales 3urface
features generated Dby the wind, such as capillary
waves, and discontinuous surface features generated Ly
hydrodynamic interactions, such as wave breaking.

Although =zowe hardware difficulties were en-

countered, a sizahle amount of X- and S~band redar data
were col ¢Cu“d eboarc the Knorr during the deployument
of the Luoy array. The data acguisition systew was

succeszsfully deployed aboard the 0QOceanuz and X-band
data are currently being collected. Although first-
lock processing 1indicates good aquality data, radar
calikraticn rezmains to ke done besfore data analysis can
proceed.

Radar Proragation Stafii, Radar Civisicn
Nawal Research Labore atory -~ Code 5303
Washingcon, D.C. 2C€375

(202) 767-2003

1 Jan 86 - 30 Se~t &6
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Kenneth Wetoon

Abstract of work supported by currznt ONR contract:

The investization of internal wave interaction with wesoscale she

complete and published (J. Pliys. Qceanog. 15 1U06-1311, 1685). As = result

this work it was concluded that mescscele currents renresent a significant
source of energy for the interral wave field - = 10 3w /m i tal )
1 w/m*”. Ilorizontal and

vertical eddy visiosities were caiculated to be 40 and 5 ¥ 10

Also complste 2nd in

an analysis of the persistenc

e lrpe 3 . ;\ . s
wakes. Alir-ses interaction and hydredynamic nen-lincarities

principal snechanisms for desiroying a surface wave pattern.

Kenpeth M., Watsen
Mail Code P'-C01
Marine Physical Laboratory
Seriprs Imutmiun of Qceanography
Umver:)n o' California, San Diego
n Diego, CA §2152
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D. Rendolph Watts
-\ ;
EN .
i: THE DYNAMICS OF CULF STREAM VARIABILITY
-. M
™ In the region northeast of Cape Hatteras, NC, the Culf Stream peth
meanders, typically with amplitude Increasing dewnstream. Tt
ﬁ' ranges throughout an envelope that grows to several timcs the
- width of the current itself and frequently interacts with rings and
} eddies. revious cbzervational and theoretirzl modeling studies
_5 have raised questions regarding the fundamsntal dynamical and
= eneryy balances governling the meendering.
.j During the past funding pericd we have been collaboreting with Dr.
- John Bane (UNC) in observational studics of the siructure énd
- energetics of Gulf Stream fluctuatiuns. A large data scl was
Y cbtained from an array of inverted echo sounderg wnd current ooher
- moorings deploved just dowmstrean of Cape Hatteras ii. a region of
. rapid growth of meanders. The goal of tnis study was te
o characterize the full x,y,z, and t structure of the fluctuations
Y and to determine the relatiyv:> impertznce of baroclinic anc
:: barotropic instabllity processes irn supplying enercy to them.
~ A large coordinated rasearch elfort (LYNOP) is el
- understand and me’el these highly encrgetic npeooso .
o in the Gulf Strear from Cape Hatteras to the Grang -
) preparing to conduct a pilot experiment &t Cape lutleras -
}2 and verify efficlient new techniques that conllaiuously d2teraline iy
o "inlet conditicns™ for the flow ontering the SYNOP study area. =
Among the parameters to be monitored ar2 the position, angle and "
: curvature of the path, the cross-stream stiucture cf the :
’ tnermocline (and the ascscciated variaticns in the baroclinic -
s velocity field), and the velume transport (which nac been c¢bserved .
- to very by nearly a factor of two from ¢rne month ¢ the next). -
i In particular, we ara developing an acoustic methdd te meniter the i
volume transpgort, with an enginecring test ccheculed for June/July,
'é 1986, & pilot array involving acoustic transport melers an
,i inverted echo sounders, designed to stuldy 2ll the above paramctisrs
- will be deployed for about 3 months, stérting November, 19856,
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Georges Wentherly

STUDIES OF ABYSSAL FLOWS AND THE BCTTCM BCOUNDARY &
IN HEBBLE=

S
s
tn
0

Near bottcm current, temperature and optical transmis-
sivity records I obtained in water depth 4520 n at the
HEBBLE {(High Energy Benthic Boundary Laysr Experiment)

site (40.5N, 62.5W) are being analyzed. These include

a2 3.75 year ccntinuocus velccity and temperature
record, and two sets of bottom boundarvy layer
observations spanning this layer over a fourteen month
pericd. The long c¢ontinuoivs record (Ianov et al.,
JGR, 1986) statistically confirms what we previcusly
descriptively inferred, namely, that strcng abyssal
flows (storms) are more likely when the surface Gulf
Stream (as inferred from satellites) is not overhead
but far to the south. The bottom bounuary laver
obsexrvations confirm its Exman lavyer-like structure,
but also indicate unsuspected structure in the
turbulent fluctuaticns.

Department of Oceancgraphy
Florida S+vate University
Tallanassee, FL 32306-3048
Telephonc 904/€44-57C0

Contiract Period 04/2,/86-3,/21,/86
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Robert A. Weller

HORIZONTAL VARIABILITY IN AIR-SEA INTERACTIGN

In order to better understand the role of horizontsl variadility

in air-sea interaction, a cooperative field experiment was con-
ducted in the first six months of 1986. The workirg area, between
25 and 28 degrees N and between 68 znd 71 degrees W, was chosen in
order to include relatively strong and persistent oceanic fronts.
The oceanic fronts were thus the source of horizontel variability
for investigations of both the uppoer ocean and lower atmosphere and
of the interaction betwsen the twc. Both oceanographers and metzo-
rologists participated in this frontal Air-Sea Interacticn Experiment
(FASINEX); and a combination of satellite remote sensing, moored,
shipboard, and aircraft techniques were used (es described * the
other summaries by FASINEX principal investigators included in this
volume).

This investigator participated in the field work on RY Knorr and

RV Oceanus. In January RV Xnorr uscd both satellite AVHRR imagery
(obtained by Peter Cornillon, URT) and XBT surveys to locete =
front with a 2 degree C temperatur. jump. An array of five surface
moorings {Weller, wHOI) and four Profiiing Current Meters (PCM)
moorings {Eriksen, MIT) was set across that front. The moorin
work was followed by CTD profiling and Real Time Profiler (RTP%
profiling of velocity, conductivity, and depth across the front,
and a Vertical Current Meter (VCH) experiment at the front.

Oceanus (Weller, Pollard, Regier, and Davidson), accompanied by

Endeavor (Schmitt, Toole, Qakey, ard Large), returned to the
FASINEX area in early February. The 2 degree C front was still
presant, to the north of the moorod array. Oceanus and Erdeaver
studied the frontal features in the area and also worked around
the moored array. On some days aircraft (including the NRL PJ,

NCAR Electra, NCAA P3, NASA P3, NASA (130, and NASA Electra)

carried out boundary layer and remcte sensing studies with support
from the ships. Oceanus' work incluced SeaScar and Doppler velocity
profiler surveys of the deasity ard vzlocity fields, ccmbined V(M
and radio tracked drifter (Davis and Regier, SI0) experiments to
investigate the convergent naturc of the velocity field at and near
tre fronts, Real Time Frofiling of the velocity structure very near
the surface, CTD profiiing, and meteorologicsl sampling, both con-
tinuocusily while underway and, on special days, in support of the
aircraft progrem. OCceanus and Endeavor returned o koods Hole in

mid-March after conpieting their joint study of the FASINIX area.

In June-July Knorr relurned to the (/5INEX site for finzl field
work and recovery of ihe eleven FASINDX moorings, including tal
deployed in Cctober 1384 (Wen Lrinw, Wrill) 25 well as the nine
deployed in January 1386. The rieinder of the 1986 wax susnt on
the anal,sis of the data coiiected during the fiel! worh
Woods Hzle Oceancgraphic Institution
Woods Hole, Massachweeiis 02543
(617) 543-1400, Ext. 2508
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- THE STRUCTURE AND DYNANICS OF FLOW WITHIHR ThT CSURFACE MIX:iD LAYER Y
. . . 5 . LSRR
e We nave acguired high resolution ugp:r ocsan and meteoroingics! Ry
-~ data sets from tine MILDEX and LOTUS prograrms. These data sets . e
- document the upper ¢Cean veiocity anc censity responte to atme- Y
. spheric forcing, and provide the imzetus (o develep and test wmed- e
~ els of the upper ocean. s
. MILDEX cata made from R/P FLIP provice a detailed look st the p-
- per octean vertical shear. During periods of reutval static ste~
- bility (night time), the shear is often very small, and not well-
N correlated to the surface stress. At times however, we see inter-

~ mittent, and strong shears that appear to be associated with
organized, three-dimensional flow structures like Langmuir cells.

- During pericds of ctahble stratification we sce much stronqer ver-

Ve, tical shear that is well correlated with surface stress. Under

' these stably stratified conditions we do nct see the stirong inter-

) mittence noted abcve.

1LY
' LOTUS data preovide a very extensive record of the diurnal thermal e
e cycle. He have used these data to test model functions which re- i;i
~ late the atmospheric forcing directly to the heating and wind }ti
“u s . o . ” -
e stress. These model functions can be used to forecast the oceanic s
. diurnal cvcle response given standarc meteorclogical foreczst jij
- data, or to hindcast the diurnal sesa surface tampevature (SST) .
7 response secen in sateilite imagery. :i;
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W.R. Young

Ageostrophic Instability i1a the Oceoen

Large scale flaws in ithe ocean freguently violate the
approximations used to Justify guasiceostrecphy. One
striking example, evident in satellite photographs, is
the meaniering Gulf Stream front, This feature might be
idealized as a "surfacing" isopycael. But in this case
the quesigeostronhic apprevimation, which assumes that
density lavers are almost flat, is inapproupriete. The
present prcject i an attempt tn urderstand the new
instabilities and eddy-mean flow interections which occur
in these ageostrophic flovs.

&
5

This is a cellaborative eoffart with G.R. larley fron
Michigan Technological University., We've completed the
formulation of the linearizad stability problem in a

two-layer fluid on the B-plane. The geostrophic
approximation has been avcided but rmay have to be
reintroduced Yater in order tc asymplotically understand
our numerical results. Another naw result is a
multi-layer generalization of Riva's theorem {(J. Fluid
Mech., 1983).

W.R. Young

Room 54-1316

Massachusetts lInstitute of Technolouy
Cambridge, MA 02133

Ph: (617) 253-1291

Contract Period: 1 Jan. 198( - 321 Dec. 1037
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